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NUCLEAR CRITICALITY SAFETY EVALUATION FOR THE PACKAGING 
AM) STORAGE OF FISSILE-BEARING WASTES AT THE WVDP 

1.0 INTRODUCTION 

This nuclear criticality safety evaluation (NCSE) provides the criticality and 
contingency analyses that have been performed to support the safe packaging and 
storage of fissile-bearing wastes generated at the West Valley Demonstration Project 
(WVDP) . 
2.0 DESCRIPTION 

Fissile material at the WVDP originated from the reprocessing of spent commercial 
nuclear fuel. The original NFS process involved the shearing of spent nuclear fuel 
into sections suitable for dissolution in acid. The dissolved fuel was contacted 
with an organic solvent which effected the separation of uranium and plutonium from 
fission products in the fuel. This fission product waste stream was ultimately 
transferred to high level waste tanks for storage while the product stream was 
further processed to separate and purify the uranium and plutonium streams. 

In 1981 the WVDP Act was enacted to support the stabilization of the liquid high 
level waste. The selected process involved the decontamination of supernatant in the 
PUREX high-level waste tank 8D-2 through an ion exchange process in the Supernatant 
Treatment System. Decontaminated process solutions were transferred to the Liquid 
Waste Treatment System where the liquids were concentrated in an evaporator. 
Overheads from the evaporator were discharged to the site’s low-level waste treatment 
facility while the concentrates were transferred to the Cement Solidification System 
where they were blended with concrete and transferred to the IRTS Drum Cell for 
storage in specially-designed 71 gallon drums. 

‘4 High-level waste sludge remaining in tank 8D-2 following supernatant processing was 
washed and blended with THOREX high-level waste in tank 8D-4. This combined waste 
stream was homogenized and transferred to the Vitrification Facility for 
stabilization as a vitrified (glass) waste form in stainless steel storage canisters 
that are in storage in the High Level Waste Interim Storage Area. 

Many of the processes associated with both the NFS and WVDP technologies generated 
waste streams (and product streams) containing fissile material. Primary known 
sources of fissile material wastes at the WVDP include the high level waste tanks, 
Main Plant head end, extraction, product, and analytical cells and the wastes 
contained in the Lag Storage Building. Analyses have been performed for a broad 
range of conditions of waste moderation, reflection, composition, fissile material 
form, and package geometry to provide the most generally applicable limits possible 
for the safe packaging and storage of these fissile materials. 

The analyses referenced in Appendix A of this NCSE have been performed to fulfill two 
objectives. The first objective is to verify the adequacy of the current limits for 
55-gallon drums and B-25 boxes while the second objective was to establish new limits 
for boxes having dimensions less than those of a B-25 box. 

3.0 REQUIREMENTS DOCUMENTATION 

This NCSE has been developed in accordance with WVDP-162, WVDP Nuclear Criticality 
Safety Program Manual. There are no requirements unique to this evaluation. 

NCSE:0007358.01 1 
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4 . 0  METHODOLOGY 

The calculations that provide the basis for this NCSE were performed with Monte Carlo 
N-Particle (MCNP) 4A. MCNP is a general purpose, continuous energy, generalized 
geometry, time-dependent, coupled neutron-photon-electron Monte Carlo transport code 
system. MCNP treats an arbitrary three-dimensional configuration of materials in 
geometric cells bounded by first- and second-degree surfaces and some special 
fourth-degree surfaces. For neutrons, all reactions in a particular cross-section 
evaluation are accounted for. Both free gas and S (alpha, beta) thermal treatments 
are used. Criticality sources as well as fixed and surface sources are available. 
MCNP is distributed by the Radiation Safety Information Computational Center (RSICC) 
located in Oak Ridge, Tennessee. Documentation for MCNP 4A is provided in LA-12625, 
MCNP - A G e n e r a l  Monte C a r l o  N - P a r t i c l e  T r a n s p o r t  Code, which was issued in November 
1993. 

MCNPfs generalized user-input source capability permits a wide variety of source 
conditions to be modeled. Independent probability distributions may be specified for 
the source variables of energy, time, position, and direction, and for other 
parameters such as starting cells or surfaces. Tallies such as the number of 
fissions, the number of absorptions, or any product of the flux times the standard 
ENDF reactions may be calculated. All tallies are functions of time and energy as 
specified by the user and are normalized to be per starting particle. The MCNP 
output file lists the tally mean, statistical relative error, variance, tally 
fluctuation charts, standard summary information, and other graphical/tabular output 
requested by the user. 

MCNP uses continuous-energy nuclear and atomic data libraries from sources such as 
the Evaluated Nuclear Data File (ENDF) system. Pointwise neutron cross section data 
are used and, for neutrons, all reactions given in a particular cross-section 
evaluation are accounted for. Cross sections (whether continuous or discrete) based 
on ENDF/B-V evaluations are believed to be the best available to MCNP users at this '- 

time. Consequently, the END.F/B-V cross section library was used for all evaluations 
referenced in this report. 

The personal computer (PC) version of MCNP 4A was run on a Compaq Pentium 111, 550 
MHz system, operating in a Windows NT environment. MCNP 4A S o f t w a r e  V a l i d a t i o n  P l a n  
and  Report for C r i t i c a l i t y  C a l c u l a t i o n s  provides documentation of the' validation 
activities that were performed to support the criticality calculations addressed in 
this NCSE. The bias and bias uncertainty related to the use of MCNP for evaluation 
of moderated and unmoderated systems containing low-enriched uranium are addressed in 
MCNP 4A S o f t w a r e  V a l i d a t i o n  P l a n  a n d  Report f o r  C r i t i c a l i t y  C a l c u l a t i o n s .  Through an 
evaluation of the code bias, a subcritical limit of 0.93 was selected for use in this 
NCSE in assessing the criticality safety of normal operations. 

4.1 Evaluated Models 

The objective of this analysis is to provide a set of generally applicable limits 
that will assure the criticality safety of packaged fissile materials regardless of 
the waste matrix. composition, internal package moderation, external package 
moderation and reflection, fissile material composition, or homogeneity of fissile 
material .within the waste matrix. To accomplish this objective, a number of 
parametric analyses were performed to determine the most reactive condition for 
several parameters including fissile material composition, waste matrix material 
composition, waste container moderator content, fissile material homogeneity, and 
external waste package reflection. 

, 
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Sections 4.1.1 through 4.1.3 of this report describe the assumptions for the analyses 

previously-established fissile mass limits for 55-gallon drums and B-25 boxes, while 
Section 4.1.4 describes the analyses that were performed to establish limits for 
boxes having dimensions different from those of a B-25 box. 

bw’ that were performed to confirm the validity and range of applicability for the 

4.1.1 Identification of Fissile Material Composition 

The determination of the fissile mass limits for waste drums and boxes required the 
identification of the fissile material composition to be used in models. Fuel 
received by NFS for reprocessing typically contained uranium that was enriched to 3 
weight percent U-235 or less. Historical records indicate that only one special 
campaign of thorium-based fuel contained an initial enrichment of U-235 greater than 
5 weight percent and even this campaign had a U-235 enrichment only slightly greater 
than this level. 

NFS received little mixed oxide fuel for reprocessing and therefore most fuel did not 
contain an initial inventory of plutonium or other fissile nuclides. However, 
reactor irradiation of U-238 present in the fuel generated plutonium and other 
fissile isotopes in this fuel in proportion to the degree of fuel burnup. Based on a 
review of WVDP waste and product streams, it has been concluded that the only fissile 
nuclides of concern at the WVDP are U-233, U-235, Pu-239, and Pu-241. While the 
relative proportion of these nuclides in a particular waste stream may have a 
significant effect on the reactivity of a system, Pu-239 was selected as the sole 
nuclide in all calculations for this analysis as this nuclide represents the most 
reactive fissile nuclide in WVDP wastes. 

4.1.2 Identification of Waste Matrix Material 

‘ti The analysis presented here, while developed specifically €or WVDP waste streams, 
has, to the greatest extent possible, taken advantage of analyses and reference 
calculations performed by others for systems similar to those encountered at the 
WVDP. Through review of these references, three materials common in WVDP waste 
streams and known to be good moderators were selected for analysis. These materials 
were water, concrete, and cellulose. A series of models were prepared to assess the 
reactivity of a two-dimensional infinite array of 90 ft3 boxes (i.e., B-25 boxes) and 
55-gallon drums containing Pu-239 homogeneously distributed throughout the waste 
matrix. The analyses assumed that boxes of fissile material waste contain a total of 
350 g of Pu-239 while drums of fissile debris waste were assumed to contain a total 
of 200 g of Pu-239. 
blended with varying amounts of water ranging from 100% water (no waste material) to 
0% water (all waste material) to assess the effect of included moderator in the 
matrix. These analyses, which are documented in URS calculations BUF-2000-098 and 
BUF-2000-101 provided in Appendix A, concluded that the matrix material corresponding 
to the most reactive system was cellulose. This was expected due to the fact that 
this matrix material has a higher concentration of hydrogen and carbon than either 
water or concrete. 

In the case of cellulose and concrete, the waste matrix was 

4.1.3 Assessment of the Effect of Fissile Material Heterogeneity 

Standard criticality safety references (e.g., LA-10860-MS) have documented the 
potential for increased reactivity in matrix systems containing heterogeneous 
distributions of fissile material relative to similar homogeneous systems of similar 
composition and fissile mass. To assess the potential for increased reactivity in 
arrays of WVDP waste drums and boxes, a series of parametric analyses was performed 
assuming that all the fissile material in the waste package was contained either in a 
metal sphere or a sphere in which the fissile material is blended with cellulose. In 
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both cases, the balance of the waste package interior contained cellulose and both 
the sphere radius and density of cellulose external to the sphere were varied to 
determine the combination of fissile material concentration and cellulose density 
that corresponds to a maximum reactivity. Through these analyses it was determined 
that a maximum array reactivity exists for the condition in which the fissile 
material in each of eight adjacent waste packages is concentrated at the point of 
intersection of the containers. Even under these extreme circumstances, the array 
was found to be subcritical for all except the most reactive conditions of fissile 
material concentration, and even then only for the case of boxes. 

4 . 1 . 4  Determination.of Waste Box Fissile Mass L i m i t s  

W. 

An analysis was performed to determine the fissile mass limits for boxes of various 
sizes. The analysis was prepared to provide limits that were as generally applicable 
as possible. Because no specific fixed set of waste containers exist for modeling, 
it was determined to evaluate cubic waste boxes of various sizes. The limit for a 
waste box would then be the fissile mass limit determined for the largest analyzed 
box that could be fully contained within the waste box. 

Calculations performed for these analyses were similar to those performed to confirm 
the previously-established limits for 55-gallon drums and B-25 boxes. Fissile 
material in the waste container was distributed uniformly throughout a cellulose 
sphere of uniform density with the balance of the interior of the box filled with 
cellulose of variable density. 
container fissile mass, sphere radius, and cellulose density to determine the 
reactivity of an infinite 2-dimensional array of cubic boxes having cross-sectional 
dimensions ranging from 1-foot to 2.875-feet (the minimum cross-sectional dimension 
of a B-25 box). For all calculations it was assumed that the array rested on a 3-m 
thick concrete floor and that the array height did not exceed 12 feet. The results 
of these analyses are contained in URS calculations BUF-2001-009, BUF-2001-011, BUF- 

Several parametric analyses were then performed on 

2001-012, BUF-2001-013, and BUF-2001-014 contained in Appendix A. u 

5.0 DISCUSSION OF CONTINGENCIES 

A contingency is "a possible but unlikely change in a condition/control important to 
the nuclear criticality safety of a fissionable material operation that would, if it 
occurred, reduce the number of barriers (either administrative or physical) that are 
intended to prevent an accidental nuclear criticality" (DOE-STD-3007-93). Based on 
the analyses presented in Sections 6.1 and 6.2, the following contingencies exist for 
the storage of fissile-bearing debris generated at the WVDP. At least two of the 
following changes to conditions or controls would need to occur for even a very small 
chance of a criticality event. 

(1) A significant quantity of fissile material would have to be packaged in a 
storage container or in multiple containers. 

(2) Operations and engineering personnel would have to fail to detect that waste 
being packaged for storage contained a significant quantity of fissile 
material. 
A significant amount of fissile material would have to be inadvertently 
packaged in multiple waste containers having dimensions less than those 
identified in this NCSE. 
Waste containers would have to be stacked in a large array to an unacceptable 
height. 

(3) 

( 4 )  
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Packaging of fissile 
material waste into 
containers having 
dimensions smaller than 
those assumed in the 
criticality evaluation. 

v r C j  
The double contingency analysis for fissile material waste packaging and storage is 
summarized in Table 1. 

Administrative controls on fissile material 
waste container dimensions 

U 

r 
, NO. 
- 

1 

2 

- 
3 

T a b l e  1 
Double Contingency Analysis for Packaging and Storage Act iv i t ies  

~ Description of Abnormal or 
Accident Event That Could 

Lead to Crit ical i ty  
Barriers 

Packaging of a significant 
quantity of fissile 
material into a single 
waste container or multiple 
waste containers. 

(1) Very limited number of waste streams at the 
WVDP that contain significant quantities of 
fissile material. 
(2) Very high radiation rates or alpha radiation 
contamination levels associated with known 
fissile waste streams facilitating 
identification of significant quantities of 
fissile material. 
(3) Administrative controls on the maximum 
amount of fissile material in a waste container 

Stacking an array of waste 
containers to an 
unacceptable height 

Administrative control on height of fissile 
material storage array 

6 . 0  EVALUATION AND RESULTS 

This NCSE has been developed to support the critically safe packaging and storage of 
fissile material wastes at the WVDP. The safety of packaged fissile material has 
been evaluated for both normal and accident conditions. These cases are discussed 
individually below. 

6 . 1  N o r m a l  Packaging and Storage 

Under normal packaging and storage conditions, fissile material wastes are packaged 
in 55-gallon drums having an inner diameter not less than 22 inches and an outside 
height not less than 34 inches (with the lid in place) or in boxes whose minimum 
internal dimension is not less than 12 inches. The fissile mass limits for WDP 
waste containers are listed in Table 2. 

‘-4 
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I Waste boxes of this size are not 
authorized 

0 inches I 
I 12 inches I 18 inches 1 15 

~ - - ~  

18 inches 24 inches 50 

24 inches 30 inches 135 

200 30 inches -------- 

- All 55-gallon drums I 125 

As indicated in Section 2.0, the analyses used to derive these fissile mass limits 
identified the most reactive waste matrix material and used this material in 
calculations when determining conditions of optimum internal and external moderation. 
The models assumed that waste packages were configured in an infinite 2-dimensional 
array stacked to a height of 4 tiers or 12 feet (whichever was greater) and assumed 
reflection from a 3-m thick concrete floor. (This height of the storage array was 
selected to correspond to the maximum height of a storage array anticipated in the 
Lag Storage Building.) Under normal storage conditions, it is anticipated that the 
wastes will have a very low free-moisture content. 

6.2 Packaging and Storage Under Accident and Abnormal Conditions 

Abnormal operations and accident conditions that have the potential to affect 
packaged fissile materials in storage include the presence of a significant 
undetected quantity of fissile material in a waste package, internal moderation of a 
fissile material waste package, external moderation of a storage array due to 
flooding or fire fighting, use of a container having dimensi.ons smaller than those 
assumed in the referenced analyses, or crushing of a package or packages in a storage 
array. The implications of each of these will be analyzed individually. 

6.2.1 
Package 

Presence of a Significant Undetected Quantity of Fissile Material in a Waste 

Section 2.0 of this analysis provides an overview of the processes at the WVDP 
involving the processing, handling, packaging, and storage of fissile materials at 
the site. Due to the nature of these processes, virtually all sources of fissile 
material are also associated with a significant quantity of fission products. Waste 
streams having radionuclide profiles similar to those found in high-level waste are 
the most common at the WVDP site. Examples of this radionuclide profile in waste 
streams as diverse as contaminated Main Plant equipment, STS process equipment, 
liquid and gaseous environmental effluents, and contaminated soil have been found 
throughout the site. Gamma-emitters in these waste streams are so abundant that 
there exists on the order of 1-100 Ci of gamma-emitting nuclides per gram of total 
fissile material. Consequently, for wastes exhibiting characteristics similar to 
high-level waste, the very high package exposure rates associated with significant 
quantities of fissile nuclides (on the order of tens to thousands of R/hr) would make 
failure to detect high concentrations of fissile material in these packages 
incredible. L. 

NCSE:0007358.01 6 
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The NFS process generated uranium and plutonium product streams that contained high 
concentrations of fissile materials by design. All significant inventories of this 
material were shipped as product by NFS and virtually all residual inventories 
present as tank heels or other holdups were recovered to the greatest extent possible 
by NFS due to the economic value of this material. Nevertheless, small but not 
insignificant quantities of this material remain in tanks and process piping in 
certain areas of the Main Plant. Detection of this material is not as 
straightforward as with high-level waste streams because these materials do not have 
associated with them the inventory of gamma emitters that would indicate their 
presence through elevated exposure rates as is the case with waste streams that 
exhibit characteristics similar to high-level waste. However, the number of 
locations in the Main Plant where this material may exist is limited and work in 
these areas anticipates the potential for residual material remaining in pipes and 
tanks. 

Important fissile nuclides such as U-233 and Pu-239 have relatively high specific 
activities (that is, they represent a significant amount of alpha activity per unit 
mass) and consequently the presence of significant quantities of fissile material can 
be inferred from alpha contamination surveys. This method cannot detect the 
presence of fissile materials internal to process equipment; however, in the unlikely 
event that a process component does contain a significant undetected holdup, most 
process equipment in the product areas of the Main Plant are significantly larger 
than standard waste containers and the physical dimensions of this process equipment 
would serve to provide a measure of separation between waste packages. It is 
therefore reasonable that if significant inventories of fissile material do exist in 
these waste streams, they would be small in number and self-protecting to the extent 
that their physical size would limit interaction between units. 

The presence of a significant quantity of fissile material in multiple fissile 'u material waste storage containers, while extremely unlikely, is not incredible. 
Analyses in Appendix A clearly demonstrate that the criticality safety of a system of 
waste containers is affected by the fissile mass in the container. Because the 
inventory of fissile material in WVDP waste streams is variable and is not inherently 
safe, administrative controls must be applied to ensure that an unsafe mass of 
fissile material is not packaged in a waste container. 

6.2.2 Internal Moderation of a Fissile Material Waste Package 

Fissile material wastes at the WVDP are typically in the form of surface contaminated 
materials removed from analytical, head end, and product areas of the Main Plant. 
These materials include cell components such as piping, tanks, and pumps, as well as 
anticontamination clothing and tools and equipment required for cell decontamination. 
These wastes are not anticipated to contain a significant amount of water. 
Additionally, waste management considerations would require that these wastes be 
packaged with a minimum amount of free liquid. Nevertheless, even if significant 
free liquid were packaged in multiple containers that also contained fissile material 
at or near the limits established in Table 2, a criticality concern would not exist 
for two important reasons: 1) the analyses contained in Appendix A assumed the 
presence of water in the waste packages, and 2) these analyses concluded that under 
optimum conditions of fissile material concentration the Qost reactive condition was 
achieved for a low-density cellulose waste matrix that contained no water (i.e., 
cellulose proved to be a better moderator than water). The internal moderation of 
stored fissile material waste packages would therefore not result in an unsafe 
condition. 

-4 
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6.2.3 External Moderation of a Storage Array 

Two mechanism exist for the external moderation of an array of fissile material waste 
containers: 1) flooding due to natural phenomena, and 2) flooding and misting due to 
fire fighting. The potential for flooding through these two mechanisms is discussed 
below. 

b' 

The likelihood of natural phenomenon-induced flooding of an array of drums of fissile 
material waste is extremely small because "the site's topographic setting renders the 
likelihood of major flooding not credible, and local run-off and flooding is 
adequately accommodated by natural and man-made drainage systems in and around the 
WVDP," as stated in WVNS-SAR-001, S a f e t y  Analysis Report for Project Overview and 
General Information. Section A.3.4 of WVNS-SAR-001 provides an extensive discussion 
of surface hydrology phenomena associated with the WVDP site and surrounding area and 
presents facts and analyses that support the conclusion that major flooding is not 
considered credible. As stated in Section A.3.4.2.1 of WVNS-SAR-001: "Cattaraugus 
and Buttermilk creeks lie in deep, narrow valleys. Therefore, the effects on the 
WVDP of flooding by these creeks is negligible, as supported by historical data. 
Frank's Creek, Quarry Creek, and Erdman Brook are also located in deep valleys. 
Historical evidence and computer modeling indicate that flood conditions (including 
the probable maximum flood) will not result in stream flows overtopping their banks 
and flooding the plateau." 

WVNS-SAR-001 documents the potential for facility impacts due to the probable maximum 
flood (PMF) and the probable maximum precipitation (PMP) event. Section A.3.4.3 of 
the SAR recognizes that under the conditions of the PMF the nearest stream would rise 
to 1347.2 feet NGVD while the lowest portion of the Main Plant is at approximately 
1,410 feet NGVD, or more than 60 feet above the highest point of stream rise. The 
PMF would therefore not present a safety concern for the Lag Storage Facility or for 
other areas of the site where fissile materials may be packaged, handled, or stored. 

In assessing the probable maximum precipitation (PMP) event, Section A.3.4.2.3 of 
WVNS-SAR-001 states that per the U.S. Weather Bureau the 24-hour PMP for the WVDP 
watershed is 24.9 inches. The effects of the PMP on site drainage systems would be 
overwhelming. Capacities of storm drain inlets at grade and in sumps would be 
exceeded. Ditches along open sections of roadways,would overflow, flooding roadways 
and adjacent areas. None of the culverts within the watershed would be expected to 
prevent overtopping of its embankments, which raises the possibility of embankment 
failures. In the case of the 24-inch corrugated metal pipe (CMP) culvert beneath the 
railroad embankment along Frank's Creek, flow would be directed to the water supply 
reservoirs before the embankment elevation was exceeded. 
information the SAR concluded that failures of culvert embankments, which are down 
gradient from process areas of the site, did not present a potential risk to these 
process areas and would not threaten any safety-related facilities. 

W 

In reviewing this 

The potential for flooding due to fire fighting presents another mechanism for 
external moderation of a fissile material storage array. The primary location for 
storage of fissile material wastes at the WVDP is the Lag Storage Building. 
Packaged fissile material wastes generated during facility or laboratory operations 
or during facility decontamination operations are transferred to the Lag Storage 
Facility for interim storage prior to transfer off-site for final disposal. Although 
individual containers of waste reside at the point of generation prior to transfer to 
the Lag Storage Building, these inventories are small compared to the inventory in 
the Lag Storage Building. 
firefighting in areas with stored fissile material is therefore in the Lag Storage 
Building. 

The greatest criticality safety concern related to 
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Section B.9.2 of WVNS-SAR-002, S a f e t y  Analysis Report f o r  Low-Level W a s t e  Process ing  
:+' and Support Activities, ass.esses the potential for a fire in the Lag Storage Facility 

to determine the off-site 68Mequences and probability of a fire. Wastes received in 
the Lag Storage Facility are contained in sealed steel boxes or drums. While the 
composition of some of these materials is combustible (the reference material for the 
evaluations contained in Appendix A is cellulose), waste management and ALARA 
requirements dictate that waste containers in a storage array be sealed. 
Furthermore, fire loading in the facility is minimal; drums and boxes are stored on 
steel rather than wooden pallets and good housekeeping practices ensure that storage 
of materials or equipment other than containerized waste is minimized. 

External moderation of a fissile material storage array at the WVDP is not credible 
under conditions of severe natural phenomena and is unlikely as a result of steps 
necessary to fight a fire in the primary storage facility. Nevertheless, the 
analyses in Appendix A evaluated the impact to the reactivity of a storage array that 
is subjected to varying degrees of external water moderation, from misting conditions 
(as would be experienced during fire fighting operations) through the incredible 
condition of full array flooding. Because the analyzed array was already optimally 
moderated internally, the addition of external water moderation only served to 
increase neutron absorption and therefore in all analyzed cases the effect of 
external moderator was to decrease the system reactivity. It is therefore concluded 
that even the most reactive array of fissile material storage containers is safe 
under any conditions of external moderation when the container fissile mass limits 
specified in Table 2 are observed. 

6.2.4 Use of Containers Having Dimensions Smaller than Assumed in Referenced 
aalyses 

The analyses in Appendix A have determined safe fissile mass limits for containers 
having a wide range of dimensions, as indicated in Section 6.1. The analyses in 
Appendix A clearly demonstrate the effect of waste package geometry (i.e., spacing) 
on the reactivity of a storage array, particularly when the fissile material is not 
distributed homogeneously in the waste package. The modeled distribution that 
exhibited the highest reactivity was that in which the fissile material in each of 
eight adjacent waste packages is concentrated at the point of intersection of the 
containers. The reactivity of this configuration is limited by the fact that in this 
configuration, the individual eight-sphere systems were effectively neutronically 
decoupled from adjacent eight-sphere systems by the separation provided by the 
storage container. Should this spacing be reduced, the interaction between fissile 
material systems would be increased, resulting in a corresponding increase in 
reactivity. Because the spacing between fissile material systems is relied upon to 
maintain criticality safety and because this spacing is not inherent to the system, 
administrative controls must be in place to ensure that only containers corresponding 
to the safe fissile masses specified in Table 2 are used for the storage of fissile 
material. 

'd 

6.2.5 Crushing of a Package or Packages in a Storage Array 

A reduction in fissile material spacing would result from the crushing of stored 
waste packages. Crushing of packages could occur due to an impact with a piece of 
equipment such as a fork truck or an overhead crane or due to the collapse of a 
storage building. 

The crushing of a drum or box due to an impact with a piece of equipment will not 
significantly reduce the margin of criticality safety because this event only has the 
potential to affect a small number of containers. Analyses in Appendix A have shown 
that the system is critically safe even when the combined fissile masses of eight 
optimally moderated waste containers are brought together. Furthermore, the maximum 

NCSE:0007358.01 9 
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permissible fissile mass for any container is less than half of the single parameter 

number of waste containers would result in a criticality accident. 
> !  

mass limit for Pu-239. It is therefore incredible that the crushing of a limited * 

A greater potential for crushing multiple containers exists in the event of the 
collapse of the Lag Storage Building roof. The Lag Storage Building is a pre- 
engineered metal structure supported by a clear span frame that is anchored to a 
concrete slab foundation. The building has been constructed to meet the requirements 
of the Uniform Building Code (UBC) and has been designed to withstand a snow loading 
of 40 pounds per square foot and a straight wind loading of 100 mph. Section A.4.2.6 
of WVNS-SAR-001 provides an annual probability of exceedance of 2 percent for a 
design basis snow loading of 40 pounds per square foot. With this probability of 
design basis exceedance, failure of the Lag Storage Building roof would be expected 
to occur once in 50 years and it is therefore concluded that this event would be 
considered an anticipated event. 

The metal sheeting that serves as roofing for the Lag Storage Building is secured to 
steel skip sheathing that spans the steel frame of the building. Under extreme snow 
loading conditions a significant amount of weight (>90 tons) would be uniformly 
distributed over the roof surface. Wastes in the Lag Storage Building are stored in 
sealed steel drums and boxes in arrays having a height limited to four tiers. 
Failure of the roof under conditions of extreme snow loading would have the potential 
to damage several of the containers in storage in the building. However, it is 
unlikely that this event would significantly affect the reactivity of the storage 
array, because although the beams that comprise the frame for the building structure 
are relatively massive, other roof components such as the skip sheathing and steel 
roof panels are relatively lightweight. In the event of a roof collapse, the failed 
steel beams would have the potential to crush containers on the top of the storage 
array but damage to lower-level containers would be limited either through the 
absorption of energy by the impacted container or through the distribution of force 

rest.. Furthermore, due to space constraints, most of the containers in the facility 
are stacked to the maximum permissible height of four tiers. At this height the 
container tops are near the roof surface and consequently any falling structural 
elements or snow pack would develop minimal momentum prior to impact with the 
containers. Finally, the Lag Storage Building is operated at a significant fraction 
of its storage capacity. In the event of a roof collapse, the force of impact of the 
failed structural members would be sustained by several containers, thereby limiting 
the damage to any specific container. 

Based on this analysis, the likely consequence of a roof collapse in the Lag Storage 
Building would be to crush containers on the top level of the storage array. The 
analyses referenced in Appendix A have assumed that the total inventory of fissile 
material in a waste container is located in the lower corner of the waste box, 
adjacent to the fissile masses of seven other fissile material waste containers. 
These analyses determined the fissile-to-moderator ratio that corresponded to the 
most reactive array. In order to achieve this optimum concentration the fissile 
material was uniformly distributed in a sphere having a diameter that could 
potentially be greater than that of the crushed container. Under these conditions, 
the analyzed configuration would actually have a lower reactivity than for that for 
an intact container. An inadvertent criticality resulting from the collapse of the 
Lag Storage Building roof is therefore not considered to be a credible event. 

to the entire lower-level through the metal pallets on which drums in the facility u’ 

7 . 0  ADMINISTRATIVELY CONTROUED LIMITS AND REQUIREMENTS 

The following design features and administrative controls shall exist to reduce the 
likelihood of a criticality event during the packaging and storage of fissile 
material waste. . 

NCSE:0007358.01 10 
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7.1 Waste Container Specifications 

Fissile waste materials shall be stored in containers having dimensions no smaller 
than those specified below. 

Ld 

D r u m s  - Drums used for storage of fissile material waste shall have a nominal 
55-gallon capacity and shall be constructed of carbon or stainless steel. The drum 
shall have a minimum internal diameter that is no less than 22 inches and shall have 
a minimum outside height of 34 inches when measured with the lid in place. These 
specified dimensions include all tolerances. 

Boxes - Boxes used for storage of fissile material waste shall be constructed of 
' carbon or stainless steel. The minimum outer dimension of the waste box shall be no 

less than 12 inches, including tolerances. 

7.2 Fissile Mass Limits 

The fissile mass limits for waste containers shall not exceed those specified in 
Table 2 of this NCSE. 

7.3 Fissile Material Waste Package Storage Array Requirements 

All analyses contained in Appendix A have evaluated infinite two-dimensional storage 
arrays having a height of 12 feet. The value of 12 feet was selected to correspond 
to the height of an array of 55-gallon drums stacked to a height of four tiers. The 
fissile mass limits specified in Table 2 do not vary for waste boxes with a minimum 
dimension greater than 30 inches. Consequently, the stacking requirement for  arrays 
of fissile material waste containers is the greater of 12 feet or 4 tiers. 

8 . 0  SUMMARY AND CONCLUSIONS 

The parameters and conditions modeled in this NCSE were selected to ensure the most 
generally applicable set of limits possible. The mo7t reactive fissile nuclide 
present in WVDP waste streams (Pu-239) was utilized in all calculations in lieu of a 
more realistic but less reactive mixture of uranium and plutonium fissile nuclides. 
Detailed parametric analyses were performed to identify the most reactive waste 
matrix material and to determine the conditions of material density corresponding to 
the optimally moderated condition. A rigorous assessment of the location of fissile 
material in waste packages was performed to determine the impact of a heterogeneous 
distribution of fissile material in multiple adjacent waste containers. The 
evaluated system for all calculations was an infinite two-dimensional array having a 
fixed height of 12 feet which corresponds to approximately a height of 4 tiers of 55- 
gallon drums or B-25 boxes. External reflection of the storage array by a 3-meter 
thick concrete floor was assumed in all cases, and additional analyses were performed 
to determine the effect of external water moderation of varying density on the 
reactivity of the storage array. 

The detail, rigor, and conservatism in the models evaluated in this NCSE ensure that 
the fissile mass limits specified in Table 2 will provide an adequate margin of 
safety €or all possible conditions of fissile material packaging and storage at the 
WVDP. 

i, 
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Problem Statement & Calculation Objectives: 

To determine the neutron multiplication factors for xm x 4 arrays of 55 gallon drums and B-25 boxes filled 
with Pu-239 homogeneously mixed with variable density water, cellulose and concrete matrices. There is no 
water outside the containers with fissile material. 

References and Data Available: 

J. F. Briemiester, ed., MCNP - A General Purpose Monte Carlo N-Particle Transport Code, Version 4A, LA- 
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Analysis 

Assumptions 

The following assumptions were taken 13r the adopted mode 

Pu-239 is homogeneously mixed with matrix . 
. 

w .  

The Plutonium-matrix mixture filles the entire space inside the container 
The containers stand on the 3 m thick concrete floor 
B-25 box inside dimensions are 172.72 x 137.16 x 87.63 cm or 68 x 54 x 34.5 inches 
The B-25 box wall thickness is zero 
Every B-25 Box contains 350 g of Pu-239 
The B-25 boxes are arranged in the infinite square array, 4 tiers heigh (m xm x 4) 
The 55 gallon drum is a cylinder with 56.83 cm (22.37 inches) inside diameter and 89.1 1 cm (35.08 
inches) height 
The drum wall is made of carbon steel and its thickness is 0.157 cm 
The drums are arranged in the infinite hexagonal array, 4 tiers heigh (m x- x 4) 
Every drum contains 200 g of Pu-239 
There is no water outside containers, air fills the space between the containers 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Two different cases were studied: 

Case 1.00 x 00 x 4 array of 55 gallon drums 
Case 2.00 x 00 x 4 array of B-25 boxes 

Plutonium mixtures with water, cellulose, concrete, cellulose-water and co'ncrete-water matrices were 
studied. Density parametric analysis was performed for each case. Attachments 1 and 4 have the drawings of 
the models used for case 1 md-2 respectively. Examples of MCNP input and output files for both cases can 
be found in the Attachments. id 
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Oxygen (0) 
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Weight Fraction 

0.0 10 

0.532 

Air, Carbon Steel and Concrete Composition 

Silicon (Si) t Calcium (Ca) ~ 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element weight 
fractions for carbon steel (Harmon C. D., 11 et al., 1993) used in the drum walls. Table 3 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 

0.337 

0.044 

Table 1. Air composition 

II 11 Argon (Ar) I 0.012827 

u; 
Table 2. Carbon Steel Composition 

11 Element 
~ ~~~ I Weight Fraction I 

Carbon (C) 0.005 

Table 3. Concrete composition 

11 Sodium (Na) I 0.029 --I1 
11 Aluminum (Al) 1 0.034 ~ -11 

( I n  (Fe) 10.014 
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Atomic Weight 

1.00794 

12.0 107 

15.9994 

U -_ 
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Atom densities for Plutonium-matrix mixtures. 

Atom density is the number of atoms per unit volume and can be determined using equation 1 : 

where 
N, = the atom density of the ith element, atoms/(barn.cm) 
p ,  = the density of the ith element, g/cm-’ 
N ,  = the Avagadro’s number, 6.022 x loz3 atoms/mol 
A ,  = the atomic weight of the -irh element, g/mol 
m, = the massof the ith element in the container volume, g 

V, = the volume of the container (55  gallon drum or B-25 box), cm3 
w,, = the weight fraction of the irh element in a molecule of matrix j 
1 x 10’‘ = the conversion from barn to cm’ 

U 

The atomic weights of the elements used in the calculations are shown in Table 4 

The molecular weight of cellulose (C,H,,O,) was calculated as the sum of all atomic weights composing the 
molecute. The weight fraction of an irh element was found as a ratio of the i l h  element weight in the molecule 
to the molecular weight of this molecule. 

where 
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vv,, = the weight fraction of iIh element in a molecule of matrix j 
n, = the number of the ith elements in the jth molecule 
A ,  = the atomic weight of the ith element, g/mol 
iy = the molecular weight the jth molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 5 and weight fractions for concrete taken from 
Harmon C. D., 11 et al., 1993 are in Table 3. 

Table 5.  Cellulose Weight Fractions 

The mass of the matrix was calculated as : 

where 
p, = the density of the i I h  element, g/cm-' 
V, = the volume of the container (55 gallon drum or B-25 box), cm-? 
VI,, = the volume in the container occupied by Pu-239, cm' 
V,v = the volume in the container occupied by water, cm3 

A,. = the water volunie fraction in the container 
pllrr = the density of the metal Plutonium, 19.78 g/cm' 
W I ~ . ~ ,  = the mass of Pu-239 in the container volume, g 

The atom density of Pu-239 was calculated as: 

where 

(4) 
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N,,,, = the atom density of Pu-239, atoms/(barn.cm) 
N ,  = the Avagadro's number, 6.022 x loz3 atoms/mol 
A,,,, = the atomic weight of Pu-239, g/mol 
m,,,, = the mass of Pu-239 in the container volume, g 
V, = the volume of the container (55  gallon drum or B-25 box), cm3 
1 x LO" = the conversion from barn to cm2 

In case the water is present in the homogenous mixture, the hydrogen and oxygen atom densities are 
determined as a sum of atomic density of the element in water and matrix. The hydrogen and oxygen atom 
densities from water were calculated using equation 5 

' 

i j  
where 
N,,., = the atom density of the ith element from water, atoms/(barn.cm) 
p,,, = the density of the irh element from water, g/cm' 
N., = the Avogadro's number, 6.022 x loz3 atoms/mol 
A ,  = the atomic weight of the iLh element, g/mol 
m,,., = the mass of the i I h  element in the container volume from water, g 

Y, = the volume of the container (55 gallon drum or B-25 box), cm' 
w,", = the weight fraction of the ith element in a molecule of water 
p, , .  = the density of water, 1 g/cm3 
,A,, = the water volume fraction in the container 
1 x 10'' = the conversion from barn to cm' 

Water maximum density was assumed to be 1 g/cm', and concrete maximum density -,2.3 &m3 (Harmon C .  
D., I1 et al., 1993). Cellulose maximum density was assumed to be equal to 0.9 g/cm3 (wood density, Lide D. 
R., 1991). The following tables provide the homogenous mixture compositi,ons used in the analysis. 100% 
density means the maximum density of the matrix: concrete, cellulose, or water (if only water is used as a 
matrix). 20-80% density means the density corresponding to the appropriate percentage of the maximum 
density of the matrix. For the case of the mixture in which water was used as a matrix, the density parametri 
analysis was performed on the cellulose or concrete density only - the amount of water in the container 
remained cons tan t . 

Lc' 
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r 
Element Atom Density, atoms/(barn.cm) 

20% density 40% density 60% density 80% density 100% density 
Na 3.494 1 E-04 6.98 8 3 E-04 1.0482E-03 1.3977E-03 1 -747 1 E-03 
A1 3.4905E-04 6.98 1OE-04 1.0472E-03 1.3962E-03 1.7453B-03 
Si 3.3237E-03 ' 6.6475E-03 9.9712E-03 1.3295E-02 1.66 19E-02 

. Ca 3.04 1 1 E-04 6.08216-04 9.1232E-04 1.2 164E-03 1 S205E-03 
Fe 6.9442E-05 1.3888E-04 2.0833E-04 2.7777E-04 3.472 1 E-04\ 
H 2.7482E-03 5.4963E-03 8.2445E-03 1.0993E-02 1.3741E-02*J 
0 9.2106E-03 1 342  1 E-02 2.7632E-02 3.6842E-02 4.605 3E-02 
Pu 2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 

Total 1.6357E -03 3 771 1E -07 4.9066E-02 6.543.0E-02 8.177%-02 
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I Atom Density, atoms/(barn*cm) 
20% density I 40% density I 60% density ] 80% density I 100% density 
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1 I , , I 4 
Na 3.1447E-04 6.2894E-04 9.434 1E-04 1.2579E-03 1 S724E-03 
A1 3.1414E-04 6.2829E-04 9.4243E-04 1.2566E-03 1.5707E-03 
Si 2.99 13E-03 5.9827E-03 8.9740E-03 1.1965E-02 1.4957B-02 
Ca 2.7369E-04 5.4739E-04 8.2108E-04 1.0948E-03 1.3685E-03 
Fe 6.2497E-05 . 1.2499E-04 1.8749E-04 2.4999E-04 3.1249E-04 

Table 6. The composition of Pu-239 and water mixture in 55 gallon drum 

H 
. o  

Pu 

I 

1.9040E-02 9.1467E-03 1.162OE-02 1.4093E-02 1.6567E-02 
1.1626E-02 1.99 16E-02 2.8205E-02 3.6495E-02 4.4784E-02 
2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 

Table 8. The composition of Pu-239 and concrete with 10% (volume) of water mixture in 55 gallon drum 
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Table 9. The composition of Pu-239 and concrete with 20% (volume) of water mixture in 55 gallon drum 

Table 10. The composition of Pu-239 and concrete with 50% (volume) of water mixture in 55 gallon drum 

LJ 

Table 11. The composition of Pu-239 and dry cellulose mixture in 55 gallon drum 
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Atom Density, atoms/(barn-cm) 
20% density 40% density 60% density 80% density 100% density 
3.6099E-03 7.2 197E-03 1.083OE-02 1.4439E-02 1.8049E-02 

3.6756E-02 1.269OE-02 1.8706E-02 2.4723E-02 3.0739E-02 
6.3449E-03 9.3 532E-03 1.236 1E-02 1.5370E-02 I .8378E-02 

, 2.3977E-06 2.3 977E-06 2.3977E-06 2.3977E-06 2.3977E-06 
~ ~-~ - ___- 
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Total 7 3647F, -02 3.52826-03 4.7916E-03 6.OSSE-07. 7.3 18SE-02 

Element 

C 
H 
0 
Pu 

Table 14. The composition of Pu-239 and cellulose with 50% (volume) of water mixture in.55 gallon drum 

I r  Element I Atom Density, atoms/( barn.cm) I1 

Atom Density, atoms/(barn-cm) 
20% density 40% density 60% density 80% density 100% density 
3.2088E-03 6.4 175E-03 9.6263E-03 1.2835E-02 1.6044E-02 
1.8695E-02 2.4043E-02 2.9391E-02 3.4739E-02 4.0086E-02 
9.3474E-03 1.2021E-02 1.4695E-02 1.7369E-02 2.0043E-02 

2.3977E-06 2.3977E-06 I 2.3977E-06 2.3977E-06 2.3977E-06 

II 1 20% density I 40% density I 60% density I 80% density } 100% density 11 

Total I 3.17.536-02 I 4 74841=,-07 5.37 15E-07 I 6.4945F,-03 

Table 15. The composition of Pu-239 and water mixture in B-25 Box 

7.6 I76E-07 "Ir' 
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; Element - 
20% density 40% density 60% density 80% density 100% density 

Na 2.7954E-04 5.5908E-04 8.3863E-04 1.1 I82E-03 1.3977E-03 
A1 2.7925E-04 5.5850E-04 8.3776E-04 1.1 I'lOE-03 1.3963E-03 
Si I 2.6591E-03 5.3 182E-03 7.9772E-03 1.0636E-02 1.3295E-02 

1.2 165E-03 
Fe 5.5556E-05 1.1 1 1 LE-04 I .6667E-04 , 2.2222E-04 2.7778E-04 
H 1.5545E-02 1.7744E-02 1.9943E-02 2.2 14 1 E-02 2.4340E-02 
0 1.4042E-02 2.141 1E-02 2.8780E-02 3.6 148E-02 4.3517E-02 

4.247 1 E-07 4.247 I E-07 4.247 1 E-07 Pu 4.247 1 E-07 4.247 1 E-07 

2.4329E-04 4.8659E-04 7.2988E-04 9.73 17E-04 
~-~~ ~~ 

Ca 

Total 7.3 105F,-03 4.6 189E -03 5.9273E-02 7.,357E 3 -03 8.544 1 E-Os 
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Client WVNS Subiect: Homoqeneous mixtures Chk'd. K 2  . Date ~ ( ? G / c ,  

I 

Table 16. The composition of Pu-239 and dry concrete mixture in B-25 Box 

Table 17. The composition of Pu-239 and concrete with 10% (volume) of water mixture in B-25 Box 



Sheet No. 11/15 
Calc. No. BUF-2000-098 - 
Rev. No. 0 - 

r Element Atom Density, atoms/(barn-cm) 11 
20% density 40% density 60% density 80% density 100% densit! 

C 4.0 1 12E-03 8.0223E-03 1.2033E-02 1.6045E-02 2.0056E-02 41 
3.3426E-02 H 6.6853E-03 1.337 1E-02 2.0056E-02 2.6741E-02 

0 3.3426E-03 6.6853E-03 1.0028E-02 1.337 IE-02 1.67 13E-02 
Pu 4.247 1 E-07 4.247 1 E-07 4.247 1 E-07 4.247 1 E-07 4.247 1E-07 

Total 1.4039E-07 3 8078E-02 4 7 1 m - 0 7  5.6 157E-07 7.0 196E-07 

Job NO 30822-244-330 16856 Job: PSR-6 
Client WVNS Subiect: Homoaeneous mixtures Chk’d. 9 Date 2 / 7 4  h; 

Element 

C 
H 
0 
Pu 

Total 

Table 19. The composition of Pu-239 and concrete with 50% (volume) of water mixture in B-25 Box 

Atom Density, atoms/(barn-cm) 
20% density 40% density 60% density ’ 80% density 100% density 
3.2089E-03 6.4 178E-03 9.6267E-03 1.2836E-02 1.6045E-02 
1.8695E-02 2.4043 E-02 2.939 1E-02 3.4740E-02 4.0088E-02 
9.3475E-03 1.2022E-02 1.4696E-02 1.737OE-02 2.0044E-02 4 

4.247 1 E-07 4.247 1 E-07 ~ I I _ _ _ _ _ -  4.247 1 E-07 4.247 1 E-07 4.2471E-07 
~~~~ 

3 1352F,-0? 13483E -03 5.37 14E -03 6.494SE-02 7.6 177E-07 

Table 21. The composition of Pu-239 and cellulose with 10% (volume) of water mixture in B-25 Box Table 21. The composition of Pu-239 and cellulose with 10% (volume) of water mixture in B-25 Box 

r Element Atom Density, atoms/(barn-cm) 
20% density I 40% density I 60% densitv 1 80% densitv I 100% densitv 



w v L\I 3 - 1 X L . J  r., - " " A. 

REV. 0 

j Element 
20% density 40% density 60% density 80% density 100% density 

C 2.0056E-03 4.0 1 1 1E-03 6.0 167E-03 8.0222E-03 1.002SE-02 
H 3.67 10E-02 4.0052E-02 4.3 395E-02 4.6737E-02 5.00SOE-02 
0 1.8355E-02 2.0026E-02 2.1697E-02 2.3369E-02 2.5 WOE-02 
Pu 4.247 1E-07 4.247 1E-07 4.247 1 E-07 4.247 1E-07 4.247 1E-07 

Total 5.7070E -07 6.4090E -07 7.1 1O9E -02 7 . 8 w - 0 2  8.5 148E-07 , 

Sheet No. 12/15 
Caic. No. BUF-2000-098 
Rev. No. 0 

Water density 55 gal drum B-25 box 

YO keff 0 keff. + 2 0 keff 0 kef? + 2 0 
LOO 0.21 12 0.000 1 0.21 14 0.0436 0.00002 0.0437 
80 0.253 0.000 1 0.2532 0.054 1 0.00003 0.054 1 
60 0.3144 0.0002 0.3 147 0.07 13 0.00004 0.07 14 
40 0.4 129 0.0002 0.4 134 0.105 1 0.00005 0.1052 
20 0.5884 0.0004 0.5892 0.1898 0.00012 0.1900 ~ 

:i.- ,& 
Job NO 30822-244-330 16856 Job: PSR-6 Bv I y c  Date 
Client WVNS Subiect: Homoaeneous mixtures Chk'd. A2 Date 2/2 L IC1 

I I I 

Results 

The results of the calculationsperformed using MCNP-4A code are shown in the following tables and 
graphs. The tables provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (CY), and the graphs plot the keff +2 CF values for all studied cases. 

Figure 1. kerf +20 for Pu-239 mixtures with water 
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URS 
Concrete 
density 

% 
100 
80 
60 
40 
20 

WVNS-NCSE-001 
REV. 0 

55 gal drum B-25 box 

kef, 0 keff. + 2 0 keff 0 k,,, + 2 CT 

0.3822 0.0002 0.3826 0.0934 0.000 1 0.0935 
0.4396 0.0003 0.440 1 0.1145 0.000 1 0.1147 
0.5 145 0.0003 0.5 152 0.1477 0.000 1 0.1479 

0.6120 0.2053 0.0002 0.2056 0.61 11 0.0005 
0.7025 0.0007 0.7039 0.3 169 0.0003 0.3175 

Sheet No. 13/15 
Calc. No. BUF-2000-098 . 
Rev. No. 0 

i 

>d+ 
Job N O  30822-244-330 16856 Job: PSR-6 Bv JK D a t e Q & B A {  
Client WVNS Subiect: Homogeneous mixtures Chk'd. /<< Date 2/2c : (6, 

Cellulose 55 gal drum 
density 

% 
100 0.357. 0.0002 0,3574 
80 0.4131 0.0002 0.4 136 
60 0.4899 0.0003 0.4904 
40 0.595 1 0.0004 0.5958 
20 0.7254 0.0005 0.7264 

kef, 0 k,,,. + 2 0 

B-25 box 

k, ff 0 ketP + 2 a 

0.0844 ' 5E-05 0.0845 
0.1038 0.000 1 0.1039 
0.1347 0.000 1 0. I349 
0.1910 0.000 1 0.1913 - 
0.3157 0.0003 0.3 163 

Figure 2. k,, +20 for Pu-239 mixtures with concrete 
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Sheet No. 14/15 
Calc. No. BUF-2000-098 
Rev. No. 0 

10% volume 01 water inside Z0'h volume ot water inside 50% volume ot water inside IW% volume ot water inside Ton c r e t e 

9 
I O 0  0.3822 0.0002 0.3826 0 . 5 3 0  0.0002 0.3535 0.328 0.0002 0.3287 0.2716 0.0002 0.2720 0.21 1 IS 0.ooOIl 0.2114 

dry 
density . kw a kc,> + 2 a C,,,. a k,,,.+7a k,,, a k, , , .+2a k ,,,. 0 k , , , . + L o  b ,(,.. a + 2 B 

I YO 1 0.4396 I 0.0003 I 0.4401 ' - I ~ I - , - - ' - I - 0.2111s 0.00011 , 0.2114 

60 0.SIJ5 0,0003 0.5152 04507 0.0003 0.4512 0.4006 0.0003 1 0.401 I 0.3W7 0 . m 2  ' 0.301 I 0.211 IS O.ooO1 1 0.2114 
40 0.61 I I 0.0005 0.6120 . - 0.21 I15 o.Oo011 0.21 I4 I - I -  I - '  

70 \ 11.703 1 0.0007 1 0.7039 0.6097 I 0.0004 \ 0.6105 I 0.51 I 8  0.0003 0.5124 I 0.3356 U.0002 0.3360 0 21 I IS 0.0001 1 I 0.2114 

Job NO 30822-244-330 16856 Job: PSR-6 By JK Date @z50kQd 
Client WVNS Subiect: Homoqeneous mixtures Chk'd. F < Date > / & I 6  ( 

I I 

I I 1 I 
I I 01000 J 

Figure 3. kerf +20 for Pu-239 mixtures with celfulose 
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Figure 3. kCff +2a for Pu-239 mixtures with concrete and water 
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Job NO 30822-244-330 16856 Job: PSR-6 Bv zk 
Client WVNS Subject: Homoqeneous mixtures Chk'd. 157 Date 2/26/C.'i 

Table 27. The neutron multiplication factor (kef,) values and their standard deviations (0) for Pu-239 mixtures 
with cellulose and water. 

Figure 3. keff +20 for Pu-239 mixtures with cellulose and water 
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Attachment 2: Case 1 MCNP input file 

WVNS-NCSE-001 
REV. 0 



lOdl 

WVNS-NCSE-001 
REV. 0 

Pu-239 in concrete matrix. Infinite lattice of 55 gal. drums, 4 tiers 
C The drum height is 35 1/12 inch (89.112 cm) '& 
c drum wall thickness is 0.157 cm 
c insert wall thickness is 0.635 crn 
C cell cards 
C c - - - - - - _ _ _ _ _ _ _ - _ - _ - _ _ - - ~ - - - - - - - - - - - - - - - - - - - - - ~ - - - - - - - - - - - - - - - - - ~ - ~ - ~ - - ~ - -  
1 65 -7.82 5 -6 2 -3 imp:n=l $ drum wall 
2 1 8.1775e-2 -5 2 -3 imp:n=l $ Pu-239 in concrete matrix 
3 64 -0.001293 -21 22 -23 24 -25 26 2 -3 6 imp:n=l S air ouside ths drum 
4 0  21 : -22 : 23 : -24 : 25 : -26 : -7 : 3 irrp:n:O $ Outside world 
5 2 -2.3 -21 22 -23 24 -25 26 -2 7 Imp:n=l $ concrete floor c - -_---__-________-______________________--------~-------- - - - - - - - - -~-----  
C 
c Note: next line must be completely blank 

c Surface cards c -___ - -_________-____- - - - - - - - - - - - - - - - - - - - - - - - - -~ - - - - - - -_ - - - - -~ - - -~ - - - - - - -  
2 pz 0 $ drum bottom plane 
3 pz 356.448 $ drum top plane 
5 cz 28.418 $ 28.418 cm radius,cylinder (internal wall of the drum) 
6 cz 28.575 $ 28.575 cm radius cylinder (external wall of the drum) 
7 PZ -300 $ concrete bottom plane 

c hexagonal cell with reflecting surfaces outside the drum 
c (simulates infinite array of the drumsi 
c begin the lattice surfaces 

C 

*21 p 0.8660254 -0.5 0 28.575 
*22 p 0.6660254 -0.5 0 -28.575 
*23 p 0.8660254 0.5 0 28.575 
*24 p 0,8660254 0.5 0 -28.575. 
'25. py 28.575 
*26 PY -28.575 
C 
C 
C 
C 
C 

+Ll c 
C 
C 
C 
C Pu-239 in concrete matrix (Elements: H .  0, Na, Si, Ai, Ca, Fe, Pu-2391 
ml 11023.50~ 1.7471e-3 

13027.50~ 1.7453e-3 
14000.50~ 1.5619e-2 
20000.50~ 1.5205e-3 
26000.55~ 3.4721e-4 
1001.50~ 1.j741e-2 
8016.50~ 4.5053e-2 

94239.55~ 2.39772-6 
c Concrete [KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0. Xa, Si, AI. Ca, Fe) 
m2 1001.50~ -0 .'310 

8016.50~ -0.532 
11023.50~ -0.629 
13027.50~ -0.C34 
14000.50~ -0.337 
20000.50~ -0.344 
26000.55~ -0.314 

c Air ( C ,  N, 0, Ar) composition from Attix p.532 
m64 6000.50~ -0.GOO124 

7 0 1 4 . 5 0 ~  -0.755267 
8016.50~ -0.231181 

iao00.35~ -0.312828 
c Carbon Steel (C, Fe) composition from Crit. Calc. with MCNP p. C-10 
m65 6000.50~ -0.005 

26000.55~ - 0 . ? 9 5  
C 
mode n 
print 40 60 80 100 110 126' 
kcode 4000 1. 20 122 
ksrc 0 0 178.224 

Page 1 



WWS-NCSE-001 
REV. 0 

Attachment 3: Case 1 MCNP output file 

J 



S 
lmcny version 4a ld=10/01/93 09/14/00 04:47:10 

* *  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
name=lOdl 

1-  
2 -  
3- 
4- 
5- 
6 -  
7- 
8- 
9-  
10- 
11- 
12 - 
1 3 -  
lrt- 
15- 
1 6 -  
17- 
18- 
1 9  - 
20- 
2 1 -  
22- 
23- 
24 - 
25- 
26- 
27- 
28- 
29- 
30- 
31- 
32- 
33- 
34- 
35- 
3 6 -  
37- 
3 8 -  
39- 
40- 
4 1 -  
42- 
43- 
44- 
45- 
4 6 -  
47- 
4 8 -  
49- 
50- 
51- 
52 - 
53 - 
54- 
55- 
56- 
57- 

pu-239 in concrete matrix. Infinite lattice of 55 gal. drums, 4 tiers 
c 'The drum height is 35 1/12 inch (89.112 cm) 
c drum wall thickness is 0.157 cm 
c insert wall. thickness is 0.635 cm 
c Cell cards 
C 

1 65 -7.82 5 -6 2 -3 imp:n=l S drum wall 
2 1 R.1775e-2 -5 2 -3 imp:n=l $ Pu-239 in concrete matrix 
3 64 -0,001293 -21 22 -23 24 -25 26 2 -3 6 imp:n=l S a i r  ouside the drum 
4 0  21 : -22 : 23 : -24 : 25 : -26 : -7 : 3 imp:n=0 $ Outside world 
5 2 -2.3 -21 22 - 2 3  24 -25 26 -2 7 inip:n=l $ concrete f l o o r  
c ________._______________________________--.------------------.---------- . 
C 
c Note: next line must be completely blank 

c surface cards 
c ____________..__________________________-----------.-------------------- 

2 pz 0 S drum bottom plane 
3 pz 356.448 $ drum top plane 
5 cz 2 8 . 4 1 8  $ 28.418 cm radius cylinder (internal wall of the drum) 
6 cz 28.575 $ 28.575 cm radius cylinder (external wall of  the drum) 
7 pz -300 S concrete bottom plane 
C 
c hexagonal cell with reflecting sur faces  outside the drum 
c (simulates infinite array of the drums) 
c begin the lattice surfaces 
'21 p 0.8660254 -0.5 0 28.575 

'23 p 0.8660254 0.5 0 28.575 
'24 p 0.8660254 0.5 0 -28.575 
'25 py 28.575 
' 2 6  py -28.575 
c end of lattice surfaces 
C 
C .____--_____------______________________-------------------------------- 

c Note: next line must be completely blank 

c Data cards 

________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

*22 p 0.8660254 -0.5 0 -28.575 

C 

C 
' c Materials 
C 
c Pu-239 in concrete matrix (Elements: H, 0 ,  Na, Si, AI, Ca, Fe, PU-239) 
ml 11023.50~ 1.7471e-3 

13027.50~ 1.7453e-3 
14000.50~ 1.6619e-2 
20000.50~ 1.5205e-3 
.26000.55c 3.4721e-4 
1001.50~ 1.3741e-2 
8016.50~ 4.6053e-2 
94239.55~ 2.3977e-6 

c Concrete (KENO Regular Concrete Standard M i x )  from 'Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H .  0, Na, Si, Al, Ca, F e )  
m2 1001.50~ -0.010 

8016.50C -0.532 

probid = 09/14/00 04:47:10 

I 
0 2  
0 rn 
m 
I 
0 
0 

58- 11023.50C -0.029 



13027.50~ -0.034 
60- 14000.50~ -0.337 
61- 20000.50~ -0.044 
62- 26000.55~ -0.014 
63 - c Air ( C ,  N, 0, A r )  composition from A t t i x  p.532 
64- m64 ,6000.50~ -0.000124 
6 5 -  7014.50~ -0.755267 
66- 8016.50~ -0.231781 
67 - 18000.35~ -0.012828 
6 8 -  c Carbon Steel (C, Fe) composition from Crit. Calc. with MCNP p. C-10 
69-  m65 6000.50~ -0.005 
70- 26000.55~ -0.995 
71- C 
72- mode n 
73- '' print 40 60 80 100 110 126 
74- kcode 4000 1. 20 120 
7 5 -  ksrc 0 0 178.224 

7.. 
2 7 -  

76 - 
total fission nubar data are being used. 
lmaterial composition 

mater i a 1 
number cornpunant nucl ide, a turn I lact ion 

print table 40 

1 11023, 0.02136 13027, 0,02134 14000, 0.20323 
26000, 0,00425 1001, 0.16803 8016. 0.56316 

2 1001, 0.16803 8016, 0.56324 11023, 0.02136 
14000, 0.20319 20000, 0.01853 26000, 0.00425 

64 6000, 0.00015 7014, 0,78443 8016, 0.21075 
65 6000, 0.02283 26000, 0.37717 

20000, 0.01859 
94239. 0.00003 
13027, 0.02134 

18000, 0,00467 

material 
number component nuclide, mass fraction 

2 

64 
65 

lcells 

11023, 0.02839 13027, 0.03399. 14000, 0.33691 20000, 0.04393 
26000, 0.01400 1001. 0 . 0 1 0 0 0  8016, 0.53171 94239. 0.00041 
1001, 0.01000 8016, 0.53200 11023, 0.02900 13027, 0.03400 
14000, 0,33700 20000. 0,04400 26000, 0.01400 
6000, 0.00012 7014, 0,75527 8016, 0.23178 18000, 0.01283 
6000, 0.00500 26000, 0.99500 

atom gram neutron 
cell mat density density volume mass pieces importance 

1 65 8.58651E-02 7.82000€+00 1.00200€+04 7.835633+04 I 1.0000E+00 
2 1 8.17750E-02 2.30049E+OO 9.04343E+05 2.08043E+06 1 1.0000E+00 
3 64 5.35386E-05 1.233001-03 0.00000E+00 0.00000E+00 0 1.0000E+00 
4 0 ~0.00000E+00 0.00000E+00 0.00000€+00 0.00000E+00 0 0.0000E+OO 
5 2 8.17913E-02 2.30000€+00 8.48564€+05 1.95170E+06 0 1.0000E+00 

total 1.76293€+06 4.110483+06 
lcross-section tables 

table length 

tables from file critxs 

print table 60 

print table 100 



ll>(Il.5dC 
6000.50~ 
7014 50c 
8 0 1 6 . 5 0 ~  
lIOL'3.50~ 

14 000.50~ 

20000.50~ 
26000.55~ 
94133.55c 

13027.50c 

12000.35c 

1153 njoy 
16126 njoy 
2117711 n j o y  
73669 n j o y  
36270 n j o y  
22891 njoy 
48275 njoy 

16104 njoy 
84136 n]oy 
67551 n j o y  

2 1 8 2  eIidIR5 

total nu 

[ 1301) 
I 1306) 
( 1275) 

[ 1276) 
[ 1311) 
( 1313) 
( 1314) 

( 1 8 )  
( 13201 
I 260) 
I 1399) 

79/07/31. 
79/07/31. 
79/09/08. 

79/06/21. 
79/09/08. 
79/06/21, 
11/01/A5 
79/06/22. 

05/ 14.181 

10/21/82 
02/21/fl5 

c h t d 1 351129 

warniiiy.: neutron energy cutoff is below soiiir cross-section tables 

1 1 1 i - c ~ '  di:;t I - i  l,u t i m  writ t rii tti f i le 1 Odl s cycle = 0 

1 warning message so t a r .  
1 starting nicrun. field length = 0 cpo = .0.01 p r i n t  table 110 

P U - 2 3 9  in concrete matrix. Infinite lattice of 55 gal. drums,  4 tiers 

lips 

1 
2 
3 
4 
5 
b 
7 
8 
9 

10 
11 
12 
l ?  
14 
15 
16 
17 
18 
19 

0.000Et00 
0. OOOEcOO 
0.. 000E+00 
0 .000E+00  
0.000E+00 
0.000E+00 
0. OOOErOO 
0.000E+00 
0.OOOE+OO 
0.000Et00 
0. OOOE+OO 
O.OOOE+OO 
0. OOOEtOO 
0. OOOEcOO 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0. OOOEcOO 

Y 

O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000Et00 
0 .OOOE+OO 
O.O00E+00 
0. OOOEIOO 
O.OOGE+OO 
0.000Et00 
0. OOOE+OO 
0.000E+OO 
0. OOOEtOO 
0. OOOEtOO 
0. OOOE+OO 
O.OOOE+OO 
0.000Et00 
0.000Et00 
0.000Et00 

cell 

2 
3 
7 

2 
2 
2 
2 
2 

s u r f  u V W 

0 5.085E-01 4.733E-01 7.193E-01 
0 8.952E-01 -4.447E-01 -2.944E-02 
0 -6.184E-01 -4.495E-01 6.4468-01 
0 9.710E-01 -5.6658-02 -2.323E-01 
0 5.R61E-01 1.496E-01 -7.963E-01 
0 -6.489E-02 -1.626E-01 9.845E-01 
0 -7.068E-02 3.163E-02 -9.970E-01 
0 -3.915E-01 4.6646-01 -7.932E-01 
0 -2,3688-01 9.215E-01 -3.0798-01 
0 1.946E-01 -3.204E-01 9.271E-01 
0 -6.69RE-01 -7.177E-01 -1.905E-01 
0 -8.398E-01 -4.129E-01 3.524E-01 
0 -1.714E-01 -8.572E-01 4.857E-01 
0 -2.489E-01 -5.118E-01 -8.222E-01 
0 -2.3598-01 2.119E-01 9.314E-01 
0 1.395E-01 -9.829E-01 1.202E-01 
0 6.909E-01 -7.110E-01 1.307E-01 
0 -6 .580E-01 5.320E-01 -5.3238-01 
0 -9.903E-01 -1.380E-01 1.353E-02 

energy 

2.209Et00 
4,904E+00 
3.809E-01 
1,33lE+OO 
1.902E+00 
4.410E-01 
4.750E-01 

7.453E-02 

1.014E+00 

7.748E-01 
1 . l O l E + O O  

4.136Ec00 

3.128E+OO- 

1.3958+00 

lt951E+00 
2.186E+00 
1.865Et00 
1.229E+00 
1.305E+00 

weight 

1. OOOEtOO 
l,000E+00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E600 
1.000Et00 
1.000E+OO 
1.000E100 
1.000Et00 
1.000E+00 
1.000E+00 
1.000E+00 
1. O O O E t O O  
l.OOOE+OO 
1.000Et00 
1. OOOEtOO 
I. 000Et00 

t i iiie 

O.OOOE+OO 
0.000Et00 
0. OOOEtOO 
0. OOOEIOO 
0. OOOEtOO 
0.000E+00 
0.000EtOO 
0. OOOEt 00 
0.000E+00 
O.OOOE+OO 
0. OOOEtOO 
O.OOOE+Ofl 
O.OOOE+OO 
0. OOOEcOO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+OO 
fl.000EtOO 
0. O O O E t O O  1 

0 
0 
c-l 



?O 0.000E+00 
21 O.OOOE+OO 
22 O.OOOE+OO 
23 0.000Et00 

25 0.000E+00 
2 4  0. OOOEtOO 

16 0.000E+00 
17 0.000E+00 
? R  0.000Ec00 
19 O.OOOE+OO 
30 0.000E+00 
?1 0.000E+00 
32 O.OOOE+OO 
33 0.000Et00 
3 4  .'0.000E*00 

' 3 5  0.000E+00 
3.6 O,OOOE+O0 

' 37 O.OOOEt00 
3 8  0.000E+00 
39 O.OOOE+OO 
40 0.000Et00 
4 1  0.000Et00 
42 0.000Et00 
43 0.000E+00 
4 4  0.000C+00 
15 0.000Et00 
46 0.000EtOO 
3 7  0.000E+00 
-1H 0.000Et00 
1 3  0.000E+00 
5 0  0.000E+00 

I+stioiated krff res 

O.OOOE+OO 

'0.000E+00 
0 .  OOOEtOO 

0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
0. OOOEtOO 
0. OOOEtOO 
0.000E+00 
0. OOOEl 00 
0,00OE+00 
0.000Et00 
0.000E+00 
0.000E100 
0.000E+00 
0.000E+00 
0. O O O E i O O  
0. OOOEtOO 
0 .  OOOEtOO 
0.0OOE+OO 
0.000Et00 
0.000E+00 
0.000Et00 
0.000E+00 
0. OOOEt 0 0  

O.OOOE+OO 
0 .  000E+00 
0 .OOOE+OO 

ults by cyc 

0.000E+00 

sourcr distribution written to file l0dls 

S ~ I U L ' C ~  clistr.ibutiun written to €ile lOdls 

SC'UTCC distribution written to file lOdls 

S I : I I I U C : ~  distribution written to Eile lOdls 

s o u ~ c e  distribution writtan to Eile lOdls 

sdui-cr distribution writtan to file lOdls 

SCIUI'C~ distribution written to file lOdls 

s~:.LI~-c~ distiilxition written to Eile lOdls 

swrce distribution written to file loclls 

7 

7 

7 

3 
1 
a 
2 

2 
2 
2 
2 

2 
?. 

7 
2 

? 
2 
2 
2 
2 
2 
2 

2 
2 
2 

7 

7 

7 

7 

7 

0 7.462E-01 4.859E-01 -4.5518-01 
0 -1.977E-01 9.797E-01 3.360E-02 
0 -9.117E-01 -3.647E-01 -1.891E-01 
0 -4.287E-01 8.361E-01 -3.423E-01 
0 1.080E-01 3.412E-01 -9.338E-01 
0 -9.111E-01 -9.012E-03 -4.1226-01 
0 -2.568E-01 -6.39l.E-01 -7.249E-01 
0 -2.912E-01 8.0863-01 5.113E-01 
0 1.4728-01 -9.5148-01 2.705E-01 
0 -6.135E-01 -7.645E-01 -1.978E-01 
0 -5.702E-01 5.6513-01 -5.963E-01 
0 -6.607E-01 5.373E-01 -5.242E-01 
0 -9.742E-02 -3.639E-01 -9.263E-01 
0 -1.965E-01 -3.145E-01 -9.2873-01 
0 4.097E-01 8.465E-01 -3.399E-01 
0 -4.0483-02 8.831E-01 4.675E-01 
0 3.37IE-01 -9.269E-01 -1.652E-01 
0 -1.R67E-01 9.?56E-01 -1.155E-01 
0 -2.616E-01 2.3368-01 -9.365E-01 
0 9.780E-01 -7.6418-02 -1.939E-01 
0 2.580E-01 -7.076E-01 6.578E-01 
0 -3.2128-01 -7.678E-01 -5.543E-01 
0 5.039E-01 -1.460E-01 8.513E-01 
0 6.080E-01 5.487E-01 5.738E-01 
0 -2.932E-01 9.304E-01 -2.1998-01 
0 -8.475E-01 -3.993E-01 -3.497E-01 
0 1.200E-01 -9.195E-01 -3.743E-01 
0 7.OR5E-01 5.8798-01 3.904E-01 
0 4.261E-01 9.0468-01 9.254E-03 
0 5.431E-01 4,2708-01 -7.2308-01 
0 -1.053E-01 -9 .805E-01 1.6588-01 

cycle = 20 

cycle = 23 

cycle = 26 

cycle = 29 

cycle = 32 

cycle = 35 

cycle = 38 

cycle = 41 

cycle = 44 

1.000E+00 
3.990Et00 
2.665E-01 
1.156Et00 
2.669Et00 
2.185E+00 
4 ,  225Et00 
1.079Et00 
3.461E+00 
1.8368+00 
4.556E-01 
6.415E-01 
2.764E+00 
2.785E-01 
9.097E-01 
,3.360E-01 
6.376E-01 
2.186E+00 
7.314E-01 
2.9978-01 
1.444Et00 
1.914E+00 
1.502Ec00 
5.971Et00 
1.827Ei00 
1.928E+OO 
1.351Et00 
2.288E+00 
1.230E100 
1.433&+00 
6.5728-01 

1.000Et00 
1.000E+00 
1,00OE+00 
l.OOOE+OO 
1.000Et00 
l,000E+00 
1. O O O E t O O  
1 .  OOOEtOO 
l.OOOE+OO 
l.OOOE+OO 
1,0003+00 
l,OOOE+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1 .  OOOEtOO 
1,00OE+00 
l,000E+00 
1.000E+00 
1.000E+00 
1.0003+00 
1. OOOEcOO 
1.000E+00 
1.000E+00 
1.000Ec00 
1 . 0 0 0 E + 0 0  
1. OOOEtOO 
1.000Et00 
1 .OOOE+OO 
1. OOOEtOO 
1.000E+00 

print 

0. OOOEtOO 
0.000E+00 
O.OOOE+OO 
0.000Et00 
0. OOOEcOO 
O.OOOE+OO 
0 .  OOOEtOO 
0.000E+00 
0.000E+00 
0. OOOEtOO 
0.000E+00 
0. OOOEtOO 

O.OOOE+OO 
O.OOOE+OO * 
0. OOOEtOO 
0.000Et00 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
0. OOOEtOO 
0. OOOEIOO 
0. OOOEcOO 
O.OOOE+OO 
0.000Et00 
0. OOOEcOO 
0.000E+00 
O.O00E+00 
O.OOOE+OO 
0.000E+00 
table 175 

O.OOOE+OO 

. *  l * . * ~ t . + . * . r . r . " * * . + . ~ * ~ ~ * ~ . . ~ ~ * . . . ~ ~ ~ ~ * ~ . . ~ . i t + . + " * * t t t l t * * . t * * * * * * * * . . . " * * t * * " * * * ~ . . * ~ * * ~ * * ~ ~ " . * ~ . ~ . * * . * * ~ * .  

? l u n i p  no ,  2 @I> file lOdlr nps = 173372 coll = 21706039 ctin = 15.31 nrn = 392559637 

sinlrcd distribution written to Eils l0dl.s cycle = 4'7 

cycle = 50 source distribution written to file lOdls 

soul-ce distribution written to file lOdls cycle = 53 

Sijul-ce distribution writtsn to file lOdls cycle = 56 

(I ' .  



i f 

: : - u r c ~  clisti-ibution written to file lOdls cycle = 59 

source distribution written to file lOd l s  cycle = 62 

source distribution written t o  file lOdls ' cycle = 6 5  

source distribution written to file lOdls cycle = 68 

source distribution written to file lOdls cycle = 7 1  

source distribution written to file lOdls cycle = 74 

source distribution written to file l o d l s  cycle = 77 

: r c \ i r c t a  di:iLi iliution wr-iLteii to file lOdls cycle = 8 0  

scurce distribution written to file lOdls cycle = 83 

souird disti-ibution writtan to file lOdls cycle = R6 

~ . ~ . . ~ ~ ~ ~ . ~ ~ ' ~ . ~ ~ . . ~ , . . . ~ ~ ~ . , ~ . . ~ ~ . . . " , . . ~ , . . . . , . . . . , ~ ~ ~ . ' . ~ ~ ~ ~ . , t t ~ ~ . * ~ ~ ~ ~ . ~ ~ . ~ * . . * ~ . ~ ~ , ~ ~ , ~ . . ~ . ~ * ~ ~ ~ ~ ~ t * . . , . ~ ~ ~ . . ~ . , ,  

l l i i t i ~ j i  1 1 j 2 .  3 1 ~ 1 1  t i l , .  1 0 t i l t  nt1:; : 3 I . l b j ' i  < . < . I l l  = 430741R2 ctm : 3 0 . 3 ~  rir-n = 7'7 R R G  I 6 8  I 

sourca clistiibuci~n written to file lOdls ' 

sout-ce distribution written to file lOdls 

sourcs distribution written to file lOdls 

roiircd distribution written to file lOdls 

estimator cycle 100 ave of 80 cyclas 
I.1collisinn) . 0.3R05Y6 0 . 3 8 1 9 9 5  0 . 0 0 0 9  
klalsarptiun) 0 . 3 9 6 7 5 6  0 . 3 8 3 3 6 8  0.0028 
kltrk length) 0 . 3 8 0 4 1 7  0 .381925 0 . 0 0 0 9  
r=in life(col1 3 . 1 9 7 5 E + 0 4  J . 2 3 5 6 E + 0 4  0.0021 
~etii litalabsl 3 . 2 0 3 0 E t 0 4  3.23R3E+04 0.0019 
smit-ce points generated 3970 

s3urce distribution writtan to fils lOdls 

source distribut.ion written to file lOdls 

sourc~ distribution written to file lOdls 

source distribution written t o  file lOdls 

s~~uxcc clistributioil written to tile lOdls 

sstiiildtor cycle 116 ave of 9 6  cycles 
klcollisionl ' 0 . 3 8 2 1 9 4  0 . 3 8 2 0 1 6  0.0008 
k(absorption1 0 . 3 8 2 8 8 2  0 . 3 8 3 0 7 8  0.0076 
kltrk length) 0 . 3 8 2 1 8 1  0 . 3 8 1 9 3 8  0 . 0 0 0 8  
ran lifelcol) 3.2627Ec04 3 . 2 3 8 7 8 + 0 4  0 . 0 0 1 9  
rem lifelabs) 3 . 2 4 0 3 E + 0 4  3 .2398E+04 0.0018 
source points generated 4059 

source distribution written to file 1 0 d l s  

estimator cycle 117 ave of 9 7  cycles 

cycle = 89 

cycle = 92 

cycle = 9 5  

cyclr = 9 8  

combination simple average combined average corr 
k[col/absl 0 . 3 8 2 6 8 2  0 . 0 0 1 3  0 , 3 8 2 1 9 2  0 . 0 0 0 7  - 0 . 2 8 6 1  
k(abs/tk In) 0 . 3 8 2 6 4 6  0 . 0 0 1 3  0 . 3 8 2 1 5 7  0.0008 - 0 , 3 3 0 3  
k(tk ln/coll 0 . 3 8 1 9 6 0  0.0009 0 , 3 8 2 0 2 4  0 , 0 0 0 9  0 . 9 6 9 0  
k(col/abs/tk In) 0 , 3 8 2 4 2 9  0 . 0 0 0 9  0 . 3 8 2 1 8 7  0 . 0 0 0 7  
lifelcol/dbs) 3 . 2 3 6 9 8 1 0 4  0.0020 3 . 2 3 9 0 E + 0 4  0.0019 0.944 '1 

cycle = 101 

cycle = 104 

cycla = 1 0 7  

cycle = 110 

cycle = 113 

combination simple average combined average corr 
klcollabsl 0 . 3 8 2 5 4 7  0.0012 0 , 3 8 2 1 6 8  0 . 0 0 0 7  - 0 . 3 0 0 6  
klabs/tk In1 0.382508 0 . 0 0 1 2  0 , 3 8 2 1 1 8  0 . 0 0 0 7  - 0 . 3 3 0 3  
kltk lnlcoll 0 . 3 8 1 9 7 7  0.0008 0 . 3 8 2 0 4 8  0.0008 0 . 9 6 9 5  
k(col/abs/tk In)  0 . 3 8 2 3 4 4  0 . 0 0 0 8  0 , 3 8 2 1 6 8  0 . 0 0 0 7  
lifeicol/absl 3 . 2 3 9 3 E t 0 4  0 .0018  3 .2401E+04 0 .0018  0 . 9 4 7 6  

cycle = 116 

combination simple average combined average corr 

5 3  ' c n  
I 

0 2  
D 
113 
M 

I 
0 
0 
P 



t. I I:<) 11 i si on1 0 . 3 7 ~ 7 ~ 4  0 . 3  8 I 9 6 3 0 . 0 00:; k I co 1 / a  bs ) 0.382557 0 . 0 0 1 2  0 .382149 0 , 0 0 0 7  - 0 . 3 0 4 4  
k(abs0rption) 0 . 3 8 8 2 3 6  0 . 3 8 3 1 3 1  0.0025 klabsltk In1 0 . 3 8 2 5 2 0  0 . 0 0 1 2  0 . 3 8 2 1 0 3  0 . 0 0 0 7  - 0 . 3 3 4 1  
kitr-k length) 0 . 3 7 9 0 6 0  0 . 3 8 1 9 0 8  0.0008 kltk ln/col) 0.381946 0.0008 0 , 3 8 2 0 1 2  0.0008 0 . 9 6 9 6  
ri.iii lifi-[co:l 3.1150E+1)4 3 . 2 3 7 4 E + 0 4  0 . 0 0 1 9  k(col/abs/tk I n )  0 . 3 8 2 3 4 1  0.0008 0 . 3 8 2 1 4 7  0 . 0 0 0 7  
~ a i i  lifalabsl 3 . 1 4 3 7 8 + 0 4  3 . 2 3 8 8 E + 0 4  0.0018 life(col/abs) 3.2381E+04 0.0018 3.2392Et04  0.0018 0 . 9 4 9 0  
~ ~ U L - C S  points yenarated 4026 

( :s t  itn;+tcri c y c l r  118 ave oE 'JH cyr.lL-:.: cotiibina t ion simple averdgs conibined avei-age C O L I '  
1. (c:o 1 lis ion) 0 . 3 8 2 8 4 6  0.381Y92 0.0008 klcol/absl 0.382558 0 . 0 0 1 2  0 , 3 8 2 1 5 5  0 . 0 0 0 6  - 0 . 3 0 4 5  
k(dbsorption1 0 . 3 8 2 3 9 6  0 . 3 8 3 1 2 3  0 . 0 0 2 5  k(abs/tk In1 0 . 3 8 2 5 2 1  0 . 0 0 1 2  0 . 3 8 2 1 1 1  0 . 0 0 0 7  - 0 . 3 3 4 2  
k(trk length) 0 . 3 8 2 9 8 1  0 . 3 8 1 9 1 9  0.0008 kltk 1n/col) 0 . 3 8 1 9 5 6  0.0008 0 , 3 8 2 0 2 0  0 . 0 0 0 8  0 . 9 6 9 6  
ran li€e(col) 3 . ? 2 5 4 8 + 0 4  3 . 2 3 7 3 8 + 0 4  0.0019 k(col/abs/tk I n )  0 . 3 8 2 3 4 5  0.0008 0.382154 0 . 0 0 0 7  
rem life(abs) 3 . 2 3 6 6 E t 0 4  3 . 2 3 8 8 E t 0 4  0 . 0 0 1 7  life(col/abs) 3.2381E+04 0 .0018 3 .2392Et04  0 . 0 0 1 7  0 . 9 4 8 9  
source points gensrated 3993 

r'stitnator cycle 119 ava of 99 cycles combination simple averaqe combined average c o r r  
k(coLlision1 0 . 3 8 2 9 7 6  0 . 3 8 2 0 0 2  0.0008 k(col/abs) 0 . 3 8 2 5 2 4  0.0012 0 , 3 8 2 1 5 2  0 .0006 - 0 . 3 0 6 1  
klabsorptionl 0 . 3 7 5 5 8 4  0 . 3 8 3 0 4 7  0 . 0 0 3 5  k(abs/tk In) 0 . 3 8 2 4 9 1  0 . 0 0 1 2  0 .382112 0,0007 - 0 . 3 3 6 6  
klti-k length) 0 . 3 8 3 3 8 1  0 . 3 8 1 9 3 4  0 . 0 0 0 8  kltk ln/col) 0 . 3 8 1 9 6 8  0.0008 0 , 3 8 2 0 2 8  0 . 0 6 0 8  0 . 9 6 9 6  
rstn life(co1) 3 . 2 2 8 1 E t 0 4  3 . 2 3 7 2 E t 0 4  0 . 0 0 1 9  k(col/abs/tk In1 0 . 3 8 2 3 2 8  0.0008 0 . 3 8 2 1 5 1  0 .0006  
T C ? ~  life(abs) 3.2392E+04 3 . 2 3 8 8 E t 0 4  0 , 0 0 1 7  life(col/absl 3.2380E+04 0 .0018  3 . 2 3 9 3 E t 0 4  0 . 0 0 1 7  0 . 9 4 8 8  
!iouici. points qeneratad 3970 

wiirc? distribution written to tile l0dls cycle = 119 

asrimtor c y c l e  120 ave of 100 cycles combination simple average combined average coir 
A ( c . 0 1  lisioii) 0 . 3 8 3 9 7 1  0 . 3 8 2 0 2 1  0.0007 k(col/abs) 0.382493 0 . 0 0 1 2  0 , 3 8 2 1 5 8  0 . 0 0 0 6  . - 0 . 3 1 0 2  
I : l ~ i l ; : . ~ . ~ t ~ ~ t  i i r i i )  0 .  374887  0.3R2966 0.00:!5 kldbs/tk I n )  0 . 3 8 2 4 6 5  0.0012 0 , 3 8 2 1 2 5  0 . 0 0 0 7  - 0 . 3 4 3 3  
h ( t l . k  ~ ~ ' I l ~ J t t l )  O.38495b 0 . 3 8 1 9 6 4  O . O O r i i (  k(tk l n / c o l l  0 . 3 8 1 9 9 3  0.0008 0 . 3 8 7 0 4 6  0 . 0 0 0 7  0 . 9 6 9 4  
rem lifa(co1) 3.7R34Ei04  3 . 2 3 7 7 E t 0 4  0.0019 k(col/abs/tk In) 0 , 3 8 2 3 1 7  0.0008 0 . 3 8 2 1 5 8  0,0006 
rem life(abs) 3 . 2 6 6 3 E t 0 4  3 . 2 3 9 1 E t 0 4  0 . 0 0 1 7  lifelcol/abs) 3 . 2 3 8 4 E t 0 4  0.0018 3 .2395E+04 0 . 0 0 1 7  0 .9487 
s a u r c e  points yenerated 4006 ' 

~ m i ' c d  distribution written to Eile lOdls cycle = 120 
Iprublelll sumniary 

run terminated when 120 kcode cycles were done. 
0 9 / 1 4 / 0 0  05329108 

Pu-239 in concrete matrix. Infinite lattice of 55 gal. drums, 4 tiers probid = 0 9 / 1 4 / 0 0  0 4 : 4 7 : 1 0  
0 
neutron creation tracks weight energy neutron loss tracks weight energy 

(per source particle) (per source particle) 

sczurce 476456 1 . 0 0 7 4 E + 0 0  2 . 1 0 9 7 E t 0 0  escape 5495 8 .5742E-03 4 .8789E-03 
energy cutoff 0 0. 0. 
time cutoff 0 0. 0. 

i..ih t wiiidow 0 0 . 0 . weight window 0 0. 0. 
11 iiiipor taiws 0 0 .  0. cell importance 0 0. 0. 

energy importance 0 0. 0. energy importance 0 0. 0. 
ci:.: t r an  0 0. 0. &x t ran 0 0. 0. 
to rcsd  collisions 0 0. 0. forced collisions 0 0. 0. 
r:rp. transform . 0 0. 0. exp. transform 0 0. 0. 
upscattering 0 0. 4.6412E-07 downscattering 0 0 .  

weight cutofE 0 1 . 5 4 9 7 E - 0 1  5 .3794E-05 weight cutoff 470972 1 . 5 4 6 2 8 - 0 1  6 . 2 7 5 2 8 - 0 5  

2 . 0 2 0 8 E + 0 0  
. capture 0 8 . 6 5 6 0 E - 0 1  8 .3679E-02 

(i1,xn) 2 2  3 . 3 6 1 8 E - 0 5  5 . 9 5 1 5 8 - 0 5  loss to ln.xn1 11 1.6809E-05 1 .9246E-04 
E i ss ion 0 0. 0. loss to fission 0 1 . 3 3 6 3 E - 0 1  2 .1443E-04 

total 476478 1 . 1 6 2 4 E + 0 0  2'.1098E+00 total 476478 1 . 1 6 2 4 E + 0 0  2 . 1 0 9 8 E t 0 0  

number of neutrons banked 11 average lifetime, shakes cutoffs 
neutron tracks per source particle 1 . 0 0 0 0 E + 0 0  escape 1 . 2 8 0 6 B + 0 4  t c o  1 . 0 0 0 0 E + 3 4  
nsutron collisions per source particle 1.2491Ec02 capture 3.2590$+04 eco 0 . 0 0 0 0 E + 0 0  

(. 



c 
total ndutron collisions 5951,804 capture or escape 3.24228+04 
net iiiu 1 t i pl i ca t i on l.OOOOE+OO 0.0001 any termination 3.7926Et04 

W C ~  -5.0000E-01 
W C ~  -2.5000E-01 

conipitrzr time so fdr i n  this run 41.98 minut+s masimurn number ever in bank 1 
coinpuLer tiiae in uicrun 41, 97 minutes bank overflows to backup file 0 
source p a r t  i c 1 2 s  per minute 1,1352Et04 field length 0 
~-anclom numbers generated 1076007760 most random numbers used was 13768 in history 314427 

L ~ , I I C J . ~  o f  sml)lrd source weights = 9 .5420E-01 L O  ?. .5559E+00 
lneuti-,m activity in each cell print table 126 

tracks Ilopulation collisions collisions number flux average average 
re 1 1 a i  t er iny A weight weighted weighted track weight track mfp 

(per history) energy energy (relative) (cm) 

' J  I jjw-/jj 365158 970741 1.2432Ei00 1.2064E-04 3.5370E-,01 6.84368-01 2.1753E+00 
7 2 2134492 476467 57964158 7.A86?E+01 1.0051E-04 3.38008-01 6.94938-01 2.35638+00 

' 3 3 1682507 358644 4 1 9 1  5.5484E-03 l.1866E-04 3.52578-01 6.8457E-01 3.7899Et03 
5 5  18044 7924 573613 6.3844E-01 3.4544E-05 1.5902E-01 5.5809E-01 2.0042Ec00 

total 7124718 1208193 5951?804  8.0755~toi 
J k e f L  results f o r :  Pu-239 i n  concrete matrix. Iiifinita lattice of 55 c ia l .  drums. 4 tiers probid = 09/'14/00 04:4?:10 

the initial fission neutron source distribution used the 1 source p o i n t s  that were input on the ksrc card. 
the criticality problem was schqduled t o  skip 10 cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 
this problem h a s  run 20 inactive cycles with 77464 neutron histories and 100 active cycles with 398992 neutron histories. 

:his calculation has completed the requested number of keff cycles u s i n g  a total of 476456 fission neutron source histories 
all c.?lls with fissionable material were sampled and had fission neutron source points. 

thc i 3 s u l C s  of tli? (i' tsst f u r  normality applied to the individual collision, absorption, and track-length ke€€ cycle values are: 

the k l  collision) cycla values appear normally distributed at the 95 percent confidence level 
th? k IabSOrptiOn) cycle values appeal- normally distributed at the 95 percent confidence level 
the k ( c r &  length) cycle values appear normally distributed a t  the 95 percent confidence level 

I I 
I I 

I I 
I I 

1 t l i e  final astimated conibinad c o l l i s i o n / a b s o r p c i o n / t r a c k - l e n g t h  keff = 0.38216 with an estimated standard deviation of 0.00024 1 
I tlic) estiinated 68, 9 5 ,  L 99 percent keff confidence intervals are 0.3R191 to 0.38240, 0.38167 t o  0.3R264, and  0.38151 t o  0.38280 

1 c t i e  eeL'imat.ed cullision/~bsorption neutron ieiitovdl lifetime = 3.24E-04 seconds with an  estiiltated standard deviation of 5.55E-07 1 

c h +  ,stinlatad average keffs, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

keEf astimator 

co 1 1 is ion 
absorption 

track length 
collahsorp 
abs/rrk lrn 
colltrk len 

col/abs/trk len 

keff 

0.38202 
0 . 3 8 2 9 7  
0.38196 

0 . 3 8 2 1 3  
0.38205 
0.3R216 

0.3~216 

standard deviation 

0.000'29 
0.00095 
0.00030 
0.000?4 
0.000?5 
0,00029 
0.00024 

6 R %  cunfidcnce 

0.38174 to 0.38231 
0.38202 to 0.38391 

0.38192 to 0.38240 
0.38187 to 0.38238 
0.38176 to 0.38233 
0 . 3 8 1 9 1  to 0.38240 

0.38166 to 0.38227 

953  confidence 

0.38145 to 0.38259 
0.38108 t o  0,38485 
0.38136 to 0.38257 
0.38168 to 0.38264 
0.38163 to 0.38262 
0.38148 to 0.38262 
0.38167 to 0.3R264 

991, confidence corr 

0.38127 to 0.38278 
0.38047 to 0.38547 
0.38116 to 0.38277 
0.38152 to 0.38280 -0.3102 

0.38129 to 0.38280 0.9694 
0.38151 to 0.38280 

0.38146 to 0 . 3 8 2 7 9  -0.3423 

I o z  
0 
v) 
m 
I 
0 
0 
w 



i t  [lie l d r g e s t  cif aach k z f f  occurred on the ne:.:r cycle, the keff results and 68, 95, and 99 percent confidence intervals would be: 

k a f f  sstiniator kef€ stdndard deviation 688 confidence 95% confidence 99% confidence 

ciillision 0 . 3 8 2 0 H  0. 00lJ21) 0.38179 t o  0.38237 0,38151 to 0,38266 0.38132 to 0.38285 

track 1engt.h 0.38203 0.00031 0.38172 t o  0.3R233 0.38142 to 0,38264 0.38122 to 0.38284 
col/abs/trk len 0.38223 0.00026 0,38197 to 0.38249 0.38172 to 0.3R275 0.38155 to 0,38292 

absorpt.ion 0.38332 0.00097 0.38225 to 0,38420 0.38129 to 0,38516 0.38066 to 0.38579 

tliz estimated coIIisidn/absorption neutron lifetimes, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

type 1 i f a t  inie (sec I standard deviation 68% confidence 95% confidance 99'f. con€ idence 

rdllova 1 3.3395E-04 5,55198-07 J.2340E-04 to 3.24518-04 3.2284E-D4 to 3.2506E-04 ' 3.224RE-04 to 3.2542E-04 
' capture 3.25666-0.1 4.2183E-07 3.2524E-04 to 3.2608E-04 3.2482E-04 to 3.2650E-04 3.2454E-04 to 3.2677E-04 
firision 3.ORORE-04 4.1630E-07 3.0766E-04 to 3.08508-04 3.0725E-04 to 3.0891E-04 3.069RE-04 to 3.0918E-04 
escapi. 1.2A96E-04 2.536298-06 1.2599E-04 to 1.3192E-04 1.23056-04 to 1.3486E-04 1.2113E-04 to 1.3678E-04 

Leiv.?raga individudl and coinbined collision/absot-1,t ion /  t rack- length kef f results for 7 di E ferent batch sizes 

r,:cl,.s iwr i i i i i i ~ l ~ d ~  u t  averaye kef E est iinatws aiirl devintioiis normality averaye k(c/a/t) k(c/a/t) c:onLidcrlce intervals 
keff bCitcti k batches h l c o l )  st dev k(abs) s t  \ l ev  k(trk) st d w  co/ab/trk k(c/a/t) s L  dev 95'6 confidence 99% confidenc+a 

1 100 
3 50 
4 2 5  
5 20 
10 10 
50 5 
25 4 

0.3820 0.0003 0.3830.0.0099 0.3820 0.0003 )95/95/95 
0 . 3 8 2 0  0.0003 0.3830 0,0010 0.3820 0.0003 )95/95/95 
0.3820 0.0003 0.3830 0,0011 0.3820 0.0004 )95/95/95 
0.3820 0,0003 0.3830 0,0010 0.3820 0.0003 (95/95/95 
0.3820 0.0003 0.3830 0,0012 0.3820 0.0004 195/95/95 
0.3820 0.0002 0.3830 0.0017 0.3820 0.0002 195/95/95 
0.3820 0.0002 0.3830 0.0012 0.3820 0.0002 195/95/95 

lindividual and average keff estimator rssults by cycle 

kef E neutron 
cycle 1iistorii.s 

I 4000 
1565 

J 3900 
.I 3972 
5 .I 13: 
6 4049 
1 4069 
8 3935 
9 ' 4180 
10 3921 

11 
17 
1 3  
1 4  
15 
16 
17 
18 
19 
20 

21 
22 
23 

.-_-__._____ 

3912 
3975 
3922 
,1065 
4005 
4033 
3887 
4057 
3874 
3951 

3913 
3948 
3970 

_ _ _ _ _  

keff estimators by cycle 
k(coll1 k ( a b s l  k(track) 

0,40286 0.40921 0.40341 
0.39483 0.3R424 0.39679 
0.38971 0.38R70 0.39155 
0.39431 0 . 3 1 ~ 2 1 5  0.39451 
0.39077 0 . 3 8 5 1 7  0.39082 
0.39100 0.38082 0.39098 
0.38992 0.38086 0.389R4 
0.39193 0.38749 0.39186 
0.38571 0.38341 0.38498 
0.38353 0.39739 0.38340 

I 0.39110 0.36713 
I 0.38125 0.38017 
1 0.38681 0.38397 
1 0 . 3 8 5 2 6  0.3891R 
1 0 . 3 8 5 R 1  0 . 3 7 6 9 8  
I 0.37872 0,39732 
I 0.38549 0.38409 
1 0.38170 0.38895 
0.38444 0.38116 

I 0.37850 0.40356 
- _  begin active kef 

1 0.38080 0.39462 
1 0.38841 0.38611 
1 0.38554 0.39565 

0.39124 1 
0.38191 I 
0.38613 I 
0.3R557 I 
0.3R723 
0.37848 I 
0.38596 I 
0.38232 1 
0.3852R 1 
0.37856 I 

f cycles - -  
0.38077 1 
0.38742 1 
0.38507 1 

0.38216 0,00024 0.38167-0.38264 0.38151-0.38280 
0.38217 0.00025 0.38167-0.38267 0.38150-0.38283 
0.38217 0.00031 0.38153-0.38282 0.38130-O.3R305 
0.38213 0,00031 0.38148-0.38277 0,38124-0.38302 
0.38213 0.00035 0.38131-0.38296 0,38091-0.38336 
0.38205 0,00019 0.38124-0.38286 0,38017-0.38392 
0.38210 0.00001 0.38203-0.38218 0.38171-0.38250 

average keff estimators and deviations 
k(col1) st-de" k(abs) st dev 

0.38460 0.00380 
0.38492 0,00222 

0.39036 0.00426 
0.39213 0.00302 

k(track) s t  dev 

0.38409 0.00333 
0.38442 0.00195 

average k(c/a/t) 
k(c/a/t) st dev fom 

c. 



24 
25 
26 
27 
2 8  
1 3  
30 

.___._ 

3935 1 0.38276 0.38044 
4035 I 0.38776 0.38410 
4130 I 0.38148 0.37767 
3840 1 0.37975 0.39842 
390'7 I 0.382118 0.38409 
4 1 3 4  I 0.38005 0.39714 
1007 1 0,38055 0,38247 
_._______-.____-__--_____ 

0,38?R1 
0.388211 
0.38170 
0. 38084 
0.3R303 
0.37926 
0.38044 
. - - - - - - - - 

0.38920 0.00362 
0.38818 0.00298 
0.38643 0.00300 
0.38814 0.00306 
0.38764 0.00270 
0,38869 0.00260 
0.38807 0.00241 _ _ _ _ _ _ _ _ _ _ _ - _ _ - _ _  

84786 
32343 
33688 
38876 
48119 
42066 
39271 

46292 
40813 
41820 
43082 
43208 
43084 
42616 
42552 
4 1695 
39441 

47749 
48755 
55546 
63333 
55745 
59135 
62194 
57598 
60747 
62269 

60113 
58250 
60204 
61238 
62703 
63320 
64556 
63356 
59274 
60684 

62170 
63409 
67863 
70565 
7015H 
72193 
74037 
72775 
64663 
66403 

67369 
68370 
69719 
61166 
61828 
62351 
63068 
61676 
62796 
60252 

_ - - - _  

_ _ _ _ _ _  

.__--_ 

..__.. 

I 
I 
I 

I 
I 
I 
._. 

0.38402 0,00143 1 0.38263 0.00111. 

0.38433 0.00125 I 0.38442 0.00144 
0.38383 0,00117 I 0.38453 0.00124 
0.311373 0.00102 I 0.38437 0.00105 
0.38323 0,00103 1 0.38434 0.00105 
0.38295 0.00096 I 0.38391 0.00103 

0.38486 0.00139 I 0.38543 0.00162 
0.38438 0.00166 
0.38505 0.00145 
0.38446 0.00133 
0.38379 0.00131 
0.38367 0.00114 
0.38327 0.00108 
0.38300 0.00100 

0.38385 0.00091 
0.38342 0.00092 
0.38337 0.00088 
0.38331 0.00083 
0.38326 0.00080 
0.38327 0.00078 
0.38292 0.00076 
0.38299 0.00074 
0.38266 0.00073 
0.38282 0.00073 

? 1  ,1056 
. 3 1  4072 

3 3  1014 
3 4  3972 
35 3830 
26 4068 
?7 .. 1067 

' 311 3936 

' 40 3879 
J 9. '10311 

'I 3 1o6a 
._.- ~ -._____.--___ 

42 4110 
4 3  3955 
'I .9 4 d 2 1  
4 5  41.11 
46 3877 
17 4006 
4 X  4008 
4 9 3550 
5 0 3943 

0.38373 
0.37891 
0.38197 
0.38058 
0. 3766.1 
0.38149 
0.37938 
0 . 3 8 2 4 4  
0.37910 
0,37380 

0.38315 0.38362 
0.38067 0.37915 
0.39067 0.38125 
0.38911 0.38059 
0.39000 0.37800 
0.39541 0.38163 
0.37845 0.37963 
0.39104 0.382113 
0.37757 0.37926 
0.40101 0.37434 

0.38306 0.00091 
0.38272 0.00090 
0.38266 0.00083 
0.38251 0.00078 
0.38212 0.00083 
0.38208 0.00078 
0.38192 0.00075 
0.38195 0.00070 
0.38180 0.00068 
0.38140 0.00076 

I 0.38152 0.00073 
I 0.38149 0.00070 
1 0.38153 0.00067 
I 0.38166 0.00065 
I 0.38153 0.00064 
I 0.38158 0.00062 
1, 0.38172 0.00061 
1 0.38160 0.00060 
I 0.38166 0.00058 
I 0.38160 0.00057 

.__.__-_____--_-__- 

0,38762 0,00223 
0.38704 0.00211 
0.38732 0.00196 
0.38745 0.00182 
0,38762 0.00170 
0.38811 0.00167 
0.38754 0.00167 
0.38773 0.00156 
0.38720 0.00159 
0.38789 0.00166 

0.38710 0.00177 
0.38733 0.00170 
0.38646 0,00184 
0.38558 0.00197 
0.38515 0.00194 
0.38503 0.00187 
0.38464 0,00184 
0.38466 0,00177 
0.38445 0.00172 
0.38428 0.00167 

_ _ - _ _ _ _ _ _ - - - - - - _ _  

0.38302 0.00087 
0.38269 0.00086 
0.38258 0.00080 
0.38244 0.00075 
0.38214 0.00076 
0.38211 0.00071 
0.38197 0.00068 
0,. 38201 0,00065 
0..38187 0.00063 
0.38149 0.00070 

0.38161 0.00068 
0.38157 0.00065 
0.38166 0.00063 
0.38177 0.00061 
0.38163 0.00060 
0.38165 0.00058 
0.38180 0.00058 
0.38164 0.00058 
0.38170 0,00056 
0.38169 0.00054 

.__-._-___ 

0.37124 
0.39217 
0.36747 
0.36527 
0.37491 
0.38196 
0.37443 
0.38538 
0.37833 
0.37950 

- - - - - - - - . 
0.38398 
0.38072 
0.38352 
0.3843R 
0.37R2O 
0.38231 
0.38557 
0,37751 
0.38321 
0.38161 

0.3H3Xl 
0.38089 
0.38246 
0.38462 
0.37843 
0.3H275 
0.38550 
0,37832 
0.38336 
0,38008 

0.38273 0.00065 
0.38272 0.00062 
0.38270 0.00057 
0.38254 0.00052 
0.38226 0.00055 
0.38224 0.00052 
0.38233 0.00050 
0.38217 0.00051 
0.38217 0.00049 
0.38218 0.00047 

0.38377 
0.37774 
0.38176 
0.38439 
0.38769 
0.38283 
0.38391 
0.37944 
0.37727 
0.38377 

0,38755 
0.38921 
0.36888 
0.38098 
0.36959 
0.38393 
0.37955 
0.37587 
0.37710 
0.37099 

0.38444 
0.37725 
0.38262 
0.38458 
0.3R780 
0.38341 
0.3R430 
0.37984 
0.37768 
0.38383 

0.38724 
0.38234 
0.38213 
0.38259 
0.38212 

0.38502 
0 . 3 8 6 8 G  
0.37525 
0.38009 

- - - - - . - 

0.3~191 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

_-. 

0 . 3 8 1 6 j  0.00055 
0.38155 0.00055 
0.38156 0.00053 
0.38164 0.00052 
0.38181 0.00054 
0.38184 0.00052 
0.38190 0.00051 
0.38183 0.00050 
0.38172 0.00050 
0.38175 0.00049 

0.38189 0.00050 
0.3R189 0.00049 
0.38193 0.00048 
0.38198 0.00047 
0.38198 0.00046 
0.38199 0.00045 
0.38206 0.00044 
0.3H214 0.00044 
0.311201 0.00045 
0.38200 0.00044 

_-_.______--_-____ 

0.38439 0,00162 
0.38453 0.00158 
0.38406 0.00160 
0.38397 0.00155 
0.38356 0.00156 
0.38357 0,00152 
0.38346 0.00148 
0.38326 0.00146 
0.38311 0.00143 
0.38280 0.00142 

0.38178 0.00053 
0.38164 0.00053 
0.38167 0.00052 
0.38176 0.00051 
0.38193 0.00052 
0.38197 0.00051 
0.38203 0.00050 
0.38198 0.00049 
0.38187 0.00049 
0.38191 0,00048 

0.3H204 0.00049 
0.38205 0,00047 
0.38205 0.00046 
0.38207 0,00045 
0.3R207 0.00044 
0.38206 0.00043 
0.38213 0.00043 
0.38222 0.00043 
0.38208 0.00044 
0.38204 0.00044 

0.38198 0.00043 
0 . 3 8 1 9 4  0.00043 
0.38190 0.00042 
0.38195 0,00042 
0.38195 0.00041 
0.38197 0,00040 
0.38193 0.00040 
0.38186 0.00039 
0.38188 0.00039 
0.38179 0,00039 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _  

___________._-____ 

I 0.38227 0.00047 
{ 0.38217 0.00047 
I 0.38212 0.00046 
1 0.38219 0.00045 
I 0.38229 0.00044 
I 0.38232 0.00043 
I 0.38236 0,00042 
1 0.38228 0.00042 
I 0.38218 0.00042 
1 0.38218 0.00041 

I 0.38223 0.00040 
I 0.38223 0.00040 
I 0.38225 0.00038 
I 0.38220 0.00037 
I 0.38225 0.00036 
I 0.38222 0.00035 
I 0.38224 0.00035 

1 0.38217 0.00036 
1 0.38214 0.00035 

__.___-__-__--__-__ 

1 0.38230 0.00035 

51 3931 
52 4054 
53 3865 
54 4029 
55 4028 
56 3958 
57 3943 
58 4034 
59 3966 
60 4041 

61 4096 0.38729 
0.38196 
0.38373 
0.38391 
0.38196 
0.38274 
0.38528 
0.38585 
0.37562 
0.38151 

0.36974 
0.37948 
0.39135 
0.37772 
0.39603 
0.38028 
0.374R6 
0,37635 
0.38088 
0.38797 

0.38248 0.00143 
0.38241 0.00139 
0.38262 0.00138 
0.38251 0.00135 
0.38281 0.00135 
0.38275 0.00132 

0.38246 0.00129 
0.38242 0.00126 
0.38254 0,00124 

0.38259 0.00131 

62 4000 
63 3792 
64 4181 
65 . 3945 
66 ' 3969 
ti 7 4012 
6 8  4035 
69 3870 
70 3 R 5 5  

..____-__-__--_-__. 

I 0.?8195 0.00044 
1 0.38190 0.00043 
1 0.38189 0.00042 
I 0.38194 0.00042 
1 0.38194 0.00041 
1 0.38196 0.00040 
[ 0.38193 0.00040 
I 0.38188 0.00039 
I 0.38189 0.00039 
1 0.38184 0.00038 

_. - - - - - - - - - - - - - - - . . 
71 1099 
72 4000 
73 3905 
7 3 4016 
75 40116 
76 3962 
77 4000 
78 4026 
'1 9 3964 
8 0  3993 

_ _ _ _ _ _ _ _ _ _  
J 0.37936 
1 0.37958 
1 0.38126 
I 0.38431 
I 0.38204 
1 0.38297 
{ 0.38072 
I 0.37878 
I 0.38268 
1 0.37876 

. - - - - - - - - - 
0.39128 
0.38613 
0.39244 
0.40892 
0.36927 
0.38906 
0.38604 
0.37854 
0.36825 
0.37633 

- - - - - . . 
0.37861 
0.37994 
0.38015 
0.38454 
0.38186 
0.38295 
0.37970 
0.37820 
0.38274 
0.37687 

0.38271 0.00123 
0 ,38277 0.00120 
0.3H295 0.00120 
0.38344 0.00127 
0.38318 0.00127 
0.38328 0.00125 
0.38333 0.00123 
0.38325 0.00121 
0.38299 0,00122 
0.38288 0,00120 

I 0.38212 0.00035 
I 0.38210 0.00034 

I 0.38210 0.00034 
1 0.38219 0.00035 
1 0.38214 0.00035 
1 0.38217 0.00035 
1 0.38215 0.00034 
I 0.38208 0.00034 
I 0.38205 0.00034 
I 0.38197 0.00034 



. .. . . - -. . 
8 1  
R2 
H3 
R 4 
85  
86 
87 
88 
89 
90 

91 
9 2  
93 " 

' 9.1 
95 

' 96 
97 
9% 
c) '> 

IO0 

I (il 
102  
103 
104 
105 
106 
107 
1 O H  
109 
110 

111 
112 
113 
114 
115 
116 
117 
118 
119 
I20 

- - - . . - . - . 

. . .. . . .. 

- - . - - - - - - 

- - - - . - - 

0.38630 
0.38477 
0.3R330 
0.3R061 
0.37916 
0.37882 
0.38004 
0.37848 
0.38412 
0.38243 
. - - - - - - - - . 

0.37824 0.38647 
0.37634 0.38428 
0.37783 0,38307 
0.37165 0.38132 
0.38854 0,37759 
0.38883 0.37728 
0.38524 0,37937 
0.40584 0,37786 
0,38024 0.38347 
0.39832 0.38200 

0.38281 0.00119 
0.38270 0.00117 
0.38263 0.00115 
0.38245 0.00115 
0.38255 0.00114 
0.38264 0.00112 
0.38268 0.00111 
0.38302 0.00114 
0.38298 0.00113 
0.38320 0.00113 

_ _ - _ _ _ _ _ _ _ _ _ - _ - - _  

0.38187 0.00039 
0.38191 0.00039 
0.38193 0.00038 
0.38192 0.00038 
0.38185 0.00038 
0.38178 0.00038 
0.38175 0.00037 
0.38169 0.00037 
0.38172 0.00037 
0.38172 0,00036 
.__._-____--_____- 

1 0.38203 0.00034 
0.38205 0.00033 
0.38206 0.00033 
0.38202 0.00032 

1 0.38199 0.00032 
1 0.38197 0.00032 
I 0.38195 0.00032 
I 0.38195 0.00031 
1 0.38197 0.00031 
I 0.38200 0.00031 

0.38208 0.00031 
0.38209 0.00031 
0.38213 0.00030 
0.38214 0.00030 
0.3R217 0.00029 
0.38222 0.00030 
0.38223 0.00023 
0.38219 0.00029 
0 . 3 8 2 1 8  0.00029 
0.3R219 0.00027 

_________._________. 

- - . - . - - . - - - - - - . - . - 

4017 
3987 
3956 
1039 
3821 
3931 
4003 
4013 
3890 
4049 

3951 
3941 
3864 
4130 
4031 
4 0 4 1  
4008 
3690 
?9?G 
I 'J !I 5 

. - - - - -. - 

59933 
60756 
61795 
62090 
62130 
62032 
62529 
62992 
63540 
63061 

60715 
61108 
62339 
63160 
63901 
62152 
62729 
61819 

6 3 9 7 A  

.__---- 

63447 

0.3819i 3.00038 
0.38196 0.00038 
0.38198 0.00038 
0.38196 0.00037 
0.38192 0.00037 
0.38187 0.00036 

0.38179 0.00036 

0.38184 0.00035 

0.38184 0.00036 

0.38183 0.00035 

0.38707 
0.38127 
0.3R643 
0.3RlR6 

0.38541 
0.38264 
0. 3'1771 
0.38460 
0. 1H060 

0.38353 

0.38589 0.38708 
0.39553 0.38083 
0.36854 0.38759 
0.38714 0.38201 
0,38667 0,38557 
0.39293 0.38522 
0.38345 0.38111 
0.38492 0.37727 
0.36349 0.38650 
0.39676 0.3804:! 

0.38191 0.00035 
0.38190 0.00035 
0.38196 0.00035 
0.38196 0.00034 
0.38198 0.00034 
0.38203 0.00034 
0.3R204 0.00033 
O.3RlYR 0.00033 
0.38201 0.00033 
O.JH?OO 0.00033 

0.38324 0.00112 
0.38341 0.00111 
0.38321 0.00112 
0.38326 0.00110 
0.38330 0.00109 
0.38343 0.00108 
0.38343 0.00107 
0.38345 0.00105 
0.3H320 0.00107 
0.38337 0.0010'7 

0.38180 0.00036 
0.38178 0.00036 
0.38186 0.00036 
0..38186 0.00036 
0'.38191 0.00036 
0.38196 0.00036 
0.38195 0.00035 
0.38189 0.00035 
0.38194 0.00035 
0.38192 0.00035 

.. . 
3970 
38R9 
4026 
3860 
3999 
4073 
39H3 
3931 
4110 
3954 

4067 
4081 
3951 
d o 3 6  
3972 
4132 
4059 
4026 
3993 
3970 

- - - - - - . 

0.37699 0.39267 
0.38550 0.37300 
0.38149 0.38104 
0.38243 0.38010 
0.38362 0.36763 
0.38282 0.38273 
0.37895 0,38755 
0.38407 0.35856 
0.37849 0,37912 
0.38069 0.39153 
i- - -. - - -. - - - -. - - -. 
0.3~362 0.3~211 
0.38625 0.37068 
0.38551 0.39529 
0.37881 0.38264 
0.38250 0.33254 
0.38219 0,38288 
0.37878 0.38824 
0.38285 0,38235 
0.38298 0.37558 
0.38397 0.37489 

0. 37604 
0.38457 
0.38001 
0.38215 
0.38423 
0.38319 
0.37894 
0.38323 
0.37850 
0.38100 

0.38193 0.00033 
0.38198 0.00033 
0.38197 0.00032 
0.38198 0.00032 
0.38200 0.00032 
0.38201 0.00031 
0.38197 0.00031 
0.38199 0.00031 
0.38195 0.00031 
0.38194 0.00031 

0.38196 0.00030 
0.38201 0.00030 
0.38204' 0.00030 
0.38201 0 ,00030  
0.38201 0.00030 
0.38202 0.00029 
0.38198 0.00029 
0.38199 0.00029 
0.38200 0.00029 
0,38202 0.00029 

._______-._________ 

0.38348 0.00106 
0.38343 0.00105 
0.38340 0.00104 
0.38336 0.00103 
0.38317 0.00103 
0.38317 0.00102 
0.38322 0.00101 
0.38294 0.00104 
0.38290 0.00103 
0.38299 0.00102 

0.38298 0.00101 
0.38285 0.00101 
0.38298 0.00100 
0.38298 0.00099 
0.38308 0.00099 
0.38308 0.00098 
0.38313 0.00037 
0.38312 0.00096 
0.38305 0.00095 
0.38297 0.00095 

- - - - - - - - - - - - - - .. . 

0.38185 0.00035 
0.38189 0.00035 
0.38186 0.00.034 
0.38187 0.00034 
0.38189 0.00034 
0.38191 0.00033 
0.38188 0.00033 
0.38189 0.00033 
0.38185 0.00033 
0.38184 0.00032 

0.38186 0.00032 
0.38191 0.00032 
0.38195 0.00032 
0.38192 0.00032 
0.38194 0.00032 
0.38194 0.00031 
0.38191 0.00031 
0.38192 0.00031 
0.38193 0.00030 
0.38196 0.00030 

0.38216 0.0002H 
0.38219 0.00028 
0.38218 0.00028 
0.38218 0.00028 
0.38216 0.00027 
0.38217 0.00027 
0.38215 0.00027 
0.38213 0.00027 
0.38209 0.00027 
0.38209 0.00026 

0.38210 0.00026 
0.38213 0.00026 
0.38218 0.00026 
0.38215 0.00026 
0.38217 0.00026 
0.38217 0,00025 
0.38215 0,00025 
0.38215 0.00025 
0.38215 0.00025 
0.38216 0.00024 

__.___________.___ 

63344 
63481 
63935 
64739 
65839 
66674 
66895 
67325 
66499 
67262 

0.38299 
0.38698 
0.38557 
0.37912 
0.38336 
0.38218 
0.37906 
0.38298 
0.38338 
0.38496 

67711 
68355 
66242 
66080 
66501 
67207 
67391 
68100 
68970 
69906 



JL! 
33 
34  
3 5  
3 6  
17 
3R 
39 
4 0  
41  
4 2  
4 3  
4 4 
45  
46 

, 41 
, 4 H 

’ 39 
50  
5 1  
5 1 
S 3  
5 .1 
55 
5 6  
5 7 
5 8  
5 9  
6 0  
61 
6 2  
6 3  
6 4 
65 
b h  
67 
6 8  
69 
70 
7 1  
7 2  
7 3  
74 
75  
76  
7 7 .  
7 8  
79 
R O  
R 1  
8 2  
R3 
8 4  
H5 
R6 
R7 
R 8  
R9 
90 
9 1  
9 2  
9 3  

t 

2 6  
27 
2 8  
1 9  
3 0  
3 1. 
3 2  
3 3  
3 4  
35 
36 
3 1  
3R 
3 9 
40 
4 1  
43 
4 3  
14 
-1 5 I 

4 6  I 
4 ’  I 
4 8  I 
4 9  I 
50 I 
51 I 
52 I 
53 I 
54  I 
56 I 
57 I 
5 8  I 
5 9  I 
6 0  I 
61 I 
63 I 
G I  

66 I 
67 I 
68 I 
69 
7 0 
7 1  
72 
73 

55 + 

62  I 

6 5  + 

t 

+ 

I 
I 
+ 

+ 

I 
0 2 :  
0 
t/l 

I 
0 
0 
P 
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94 
95 
96 
97 
98 
99 

100 
10 1 
102 
103 
104 
I 11 5 
106 
107 
10.8 
109 

111 
1 1 2  
113 
114 
115 
116 
1 1 7 
1 1 8  
119 
120 

,110 

I individua 1 

s k i p  a r t i v e  
cyc12s C y c l e s  

0 
1 

3 
4 
5 
6 
7 
A 
9 

10 

1 1  
12 
13 
14 
15 
16 
17 
1 8  
19 
70 

22 
24 
26 
28 
3 0 

_..._. 

_ _ _  .._ 

170 
119 
118 
117 
116 
115 
I 1 4  
113 
112 
111 
110 

109 
108 
107 
106 
105 
104 
103 
102 
101 
100' 

98 
96 
94 
92 
90 

\ - - - - -  

- - - - - - - 

I 

I 
I 
I 
I 
I 

+ 

I 
+ 
I 
I I 
I 
I 
I 
I I 
I 
I 
I 
I I 
I ____I_-______.__________I_______________--.. l------.------------l 

+ 

0.383 0.384 0.385 0 . 3 R 6  
f o r  d i t f e r e n t  numbers  of i n a c t i v e  c y c l e s  s k i p p e d  f o r  f i s s i o n  s o u r c e  s e t t l i n g  

a c t i v e  a v e r a g e  k e f f  e s t i m a t o r s  a n d  d e v i a t i o n s  normality a v e r a g e  k l c / a / t )  k ( c / a / t l  c o n f i d e n c e  i n t e r v a l s  
n e u t r o n s  k ( c o 1 )  s t  d e v  k (a l '>s )  s t  d e v  k ( t r k )  st d e v  co/ab/tl k l c / a / t )  s t  dev  958 c o n f i d e n c e  99% c : o n f i d e n c e  

476456 
472456 
470891 
466991 
463019 
458827 
45477P 
450709 
446774 
442594 
438673 

434761 
430786 
426864 
422799 
418794 
414761 
410874 
406817 
402943 
398992 

391131 
383226 
375061 
367314 
359173 

- - - - - - - 

0.3R30 0.0004 0.3836 0.0009 0.3830 0.0004 lno/95/nol 0.38307 0.00033 
0.3R28 0,0003 0.3834 0.0008 0.3828 0.0004 199/95/991 0.38290 0.00028 
0.3827 0,0003 0.3H33 0.0009 0.3827 0,0003 )95/95/95) 0.38282 0.00027 
0.3826 0,0003 0.3S33 0.0009 0.382G 0.0003 195/95/95) 0.38276 0.00027 
0.3825 0,0003 0 . 3 2 3 3  0.0003 0.3825 0.0003 (95/95/95( 0.38267 0.00026 
0.3825 0,0003 O.jH?I 0.0009 0.3824 0,0003 (95/95/95( 0.38261 0.00025 
0.3824 0.0003 0.3.833 0.0009 0.3824 0.0003 195/95/951 0.38254 0.00025 
0.3823 0,0003 0,3833 0.0009 0.3823 0.0003 195/95/95[ 0.38249 0.00025 
0.3822 0,0003 0.3R33 0.0009 0.3822 0.0003 )95/95/95) 0.38241 0.00074 
0.3822 0.0003 0.3833 0.0009 0.3822 0.0003 (95/95/951 0.38238 0.00024 
0.3822 0,0003 0.3832 0.0003 0.3822 0.0003 195/95/951 0.38235 0.00024 

0.3821 0,0003 0.3833 0.0009 0.3821 0.0003 195/95/95) 0.38229 0.00023 
0.3821 0.0003 0.38?3 0.0009 0.3821 0.0003 195/95/95) 0.38230 0.00024 
0.3821 0.0003 0.3833 0.0009 0.3821 0.0003 195/95/951 0.38226 0.00023 
0.3820 0.0003 0.3833 0.0009 0.3820 0.0003 (95/95/95[ 0.38223 0.00023 
0.3820 0,0003 0.3833 0.0009 0.3820 0.0003 195/95/951 0.38221 0.00024 
0.3820 0,0003 0.3832 0.0009 0.3820 0.0003 195/95/951 0.38221 0,00024 
0.3820 0.0003 0 . 3 R 3 2  0.0009 0.3820 0.0003 195/95/95) 0.38218 0.00024 
0.3820 0.0003 0.3831 0.0009 0.3820 0.0003 )95/95/951 0.38218 0.00024 
0.3820 0.0003 0.3832 0.0010 0.3819 0.0003 195/95/95[ 0.38216 0.00024 
0.3820 0.0003 0.3R30 0.0009 0.3820 0.0003 195/95/951 0.38216 0.00024 

__________.________.____________^_______~.----.--.---.-----.-------..--- 

0.38241-0.38373 
0.38234-0.38347 
0.38227-0.38336 
0,38222-0.38330 
0.38215-0.38319 
0.38210-0.38311 
0.38205-0.38304 
0.38200-0.38298 
0.38194-0.38287 
0.38191-0.38285 
0.38188-0.38282 

0.38183-0.3R276 
0.38183:0.38277 
0,38180-0.38273 
0.38176-0.38270 
0.38174-0.38268 
0.38174-0.38269 
0.38171-0.38266 
0.38170-0.38265 
0.38168-0.38264 
0.38167-0.38264 

_________-_._._- 

__________.__-_- 

0.38219-0.38394 
0.38215-0.38365 
0,38210-0.38354 
0,38205-0.38347 
0.38199-0.38336 
0.38194-0.38328 
0.38188-0.383?0 
0.38184-0.38314 
0.38178-0.38303 
0.38176-0.38300 
0.38173-0.38238 

0.38168-0.38291 
0.38168-0.38293 
0,38164-0.38288 
0.38161-0.38285 
0.38158-0.38283 
0.3 8159 --0 ,3 A 2 R4 
0.38155-0.38281 
0.38154-0.38181 
0.38152-0.38280 
0.38151-0.38280 

________-_.-_-_-- 

_______._____.--_ 

0.3820 0.0003 0.3828 0.0010 0.3819 0.0003 
0.3819 0.0003 0.3827 0.0010 0.3819 0.0003 
0.3819 0.0003 0.3827 0.0010 0.3818 0.0003 
0.3819 0.0003 0.3826 0.0010 0.3818 0.0003 
0.3819 0.0003 0.3834 0.0010 0.3819 0.0003 

95/95/951 0.38209 0.00024 0.38161-0.38257 0.38146-0.38273 
95/95/951 0.38204 0.00024 0.38157-0.38252 0.38141-0.38268 
95/95/951 0.38200 0.00024 0.38152-0.38247 0.38137-0.38263 
95/95/951 0.38198 0.00024 0.38150-0.38247 0,38134-0.38263 
95/95/95( 0.38199 0.00025 0.38149-0.38248 0,38133-0.38264 

c 



32 HH 
33 86 
1 6  84 

40 80 

42 78 
4 4  76 
46 74 
48 72 
50 70 
52 68 
54 66 
5 6  64 
5 H  .. 62 

313 8 2  

~ 

' 6 0  

' 6 2  
64 
6 6  
6 8 
70 
72 
74 
76 
78 

.__._. 

no 

n? 
_ _ _ - _ _  

84 
86 
R R  
90 
91 
5 4 
il 6 
9R 
100 

60 

5R 
56 
54 

50 
4H 
46 
44 
42 
40 

38 
36 
34 
37 
30 
2R 
2 6  
2.1 
2 2  
2 0  

__. 

r ', 3.. 

_._ 

101 13 
104 16 
106 1 4  

110 10 
I 1 :! 8 
114 - 6 
116 4 
I17 3 
i i a  2 

i i l a  1 2  

. ._ 

351095 
343109 
'3 3515 1 
327148 
319241 

311063 
303084 
295066 
287052 
279159 
271184 
263290 
255304 
247328 
239321 

- - - - - - - - - 

0.3819 0.0003 
0.3819 0.0003 
0.3820 0.0003 
0.3820 0.0003 
0.3822 0.0003 

0.3822 0.0003 
0.3821 0.0003 
0.3822 0.0003 
0.3822 0.0003 
0.3822 0.0003 
0.3822 0.0003 
0.3822 0.0003 
0.3821 0.0003 
0.3821 0.0003 
0.3R22 0.0003 

.-_---._____.-_ 

_____.__.____-.__________ 

2312251 0.3821 0.0003 
2232521 0.3R21 0.0004 
215338) 0.3R20 0.0004 
2072911 0.3819 0.0004 
1995661 0.3R?O 0.0004 
1914671 0.3821 0.0004 
1835461 0.3R21 0.0004 

0 . 3 H ? J  0,0010 
0.3822 0.0010 
0.3820 0.0011 
0.3819 0.0011 
0.3817 0.0011 

0.3817 0.0011 
0 . 3 8 2 1  0.0011 
0.3822 0.0011 
0.3823 0.0011 
0.3824 0.0011 
0.31322 0.0012 
o.jxzJ 0.001~ 
0.3R26 0.0012 
0 . 3 8 2 8  0.0012 
0.3831 0.0013 

0 . 3 8 3 4  0.0013 
0.3833 0.0013 
0.3831 0.0014 
0.3H.34 0.0014 
0.3834 0.0014 
0 . 3 H 3 2  0.0015 
0.3R24 0.0014 

- . . - .. - . - - - - - . 

0.3819 0,0003 195/95/95/ 0.38200 0.00025 
0.3R19 0,0003 (95/95/95) 0.38199 0.00026 
0.3819 0,0003 195/95/95( 0.38202 0.00026 
0.3820 0,0003 )95/95/951 0.38204 0.00026 
0.3821 0.0003 )95/95/95) 0.38216 0.00026 

0.3821 0,0003 195/95/95) '0.38215 0.00027 
0.3820 0.0004 /95/95i95/ 0.38218 0.00027 
0.3821 0,0004 )95/95/951 0.38223 0.00027 
0.3821 0.0004 195/95/951 0.38224 0.00028 
0.3821 0.0004 195/95/951 0.38228 0.00028 
0.3821 0,0004 195/95/95) 0.38230 0.00029 

0.3820 0,0004 (95/95/951 0.38226 0.00030 
0.3820 0.0004 (95/95/95) 0.38230 0.00030 
0.3820 0,0004 195/95/951 0.38243 0.00030 

0.3819 0,0004 195/95/951 0.38239 0.00031 
0.3819 0,0004 (95/95/951 0.38233 0.00031 
0.3819 0.0004 )95/95/99( 0,38230 0.00032 
0.3817 0,0004 (95/95/991 0.38221 0.00033 
0.3819 0.0004 195/95/95( 0.38130 0.00031 
0.3820 0,0004 195/95/95J 0.3823R 0.00032 
0.3R20 0.0004 195/95/951 0.38326 0.00032 

0.3821 0.0004 ~95/95/951 0.38233 o.00029 

_______________________________c________--.  

0.38150-0.3825'0 
0.38148-0.38250 
0.38151-0.3R254 
0.38152-0.38256 
0.38164-0.38267 

0.38162-0.38268 
0.38164-0.38272 
0.38168-0.3R277 
0.38169-0.38279 
0.38172-0.38285 
0,38172-0.38287 
0,38173-0.38290 
0,38166-0.382R6 
0.3R170-0.38291 

_ _ _ _ _ - _ _ _ _ _ _ - - - _ _ _  

0.3~1~2-0.38303 

0.38134-0.38267 
0.38131-0.38267 
0.38134-0.38271 
0.38135-0.38273 
0.38147-0.38284 

0.38145-0.38286 
0.38146-0.38290 
0.38150-0.38295 
0.38151-0.38297 
0.38153-0.38303 
0.38153-0.38306 
0.38154-0.38309 
0.38146-0.38305 
0.38150-0.38311 
0.38162-0.38323 

. _ _ _  - _ _  - - _  - 
0.38177-0.38301 
0.38172-0.38295 
0.38166-0.38294 
0,38155-0.38287 
0.38167-0.38294 
0,38173-0.38303 
0.38162-0.38291 

___.__--____----- 

0.3R157-0.38321 
0.38151-0.3R315 
0.38145-0.38315 
0.38134--0.38309 
0.38146-0.38315 
0.38151-0.38324 
0.38140-0.38312 
0 ?R137-0 38316 

1675321 0.3822 0.0004 0.3826 0.0015 0.3821 0.0005 (95/95/95( 0.38234 0.00034 0.38166-0.3H301 0.3H143-0.3HJ24 
1595751 0.3823 0.0004 0.3831 0,0015 0,3822 0,0005 )95/95/95) 0.38243 0.00034 0.38174-0.38312 0,38151-0.38336 

1515711 0.3R21 0.0004 
143576) 0.3821 0.0004 
1358241 0.3823 0.0005 
1278081 0.3825 0.0005 
119R691 0.3825 0.0005 
1119771 0.3823 0.0005 
1039831 0.3822 0.0005 
959111 0.3820 0.0005 
880131 0.3822 0.0005 
ROOAZI 0.3821 0.0006 

722231 0.3822 0.0005 
643371 0.3823 0.0006 
562651 0.3821 0.0007 
483511 0.382% 0.0007 
402871 0.3827 0.0008 
321391 0.3822 0.0008 
241521 0.3823 0.0007 
160481 0.3821 0.0011 
11989) 0.3833 0.0004 
7963) 0.3835 0.0005 

0.3834 0.0016 
0.3839 0.0017 
0,3836 0.0018 
0.3828 0,0017 
0.3824 0.0018 
0.381R 0,0018 
0.3821 0,0019 
0.3F15 0,0020 
0.3812 0,0021 
0.3814 0.0020 

0.3821 0.0005 
0.3820 0.0005 
0.3823 0.0005 
0.3825 0.0005 
0.3825 0.0006 
0.3824 0.0006 
0.3823 0.0006 
0.3820 0.0006 
0.3822 0.0006 
0.3821 0.0006 

0.3HOY 0.0022 
0.3R09 0.0024 

0.3832 0.0022 
0.3827 0 , 0 0 2 5  
O.3H43 0,0026 
0.3R27 0.0028 
0.3803 0,0031 
0.3776 0.0024 
0. 3'752 0.0003 

0.31317 0.0026 

0.3823 0.0006 
0.3825 0.0006 
0.3823 0.0007 
0.3825 0.0008 
0.3831 0.0008 
0.3826 0.0009 
0.3827 0.0008 
0.3826 0.0013 
0.3838 0.0006 
0 . 3 8 4 2  0.000~ 

95/95/951 0.38231 0.00035 
95/95/951 0.3R241 0.00036 
95/95/95) 0.38248 0.00037 
55/95/95) 0.38254 0.00039 
95/95/951 0.38242 0.00041 
95/95/95) 0.38222 0.00041 
95/95/95) 0.38216 0.00043 
95/95/95) 0.38193 0.00042 
95/95/951 0.38202 0.00049 
95/95/951 0.38201 0.00048 

95/95/951 0.38199 0.00049 
95/95/99) 0.38191 0.00061 
95/95/95) 0.38189 0.00067 
95/95/95) 0.38225 0.00089 
95/95/95[ 0.38280 0.00093 
95/95/95( 0.38228 0,00153 
95/95/95! 0.38168 0.00094 
95/95/95) 0.38206 0.00113 

0.38160-0.38302 
0.38168-0.38314 
0.38172-0.38324 
0.38173-0.38334 
0.38157-0.38326 
0.38138-0.38305 
0.38127-0.38306 
0.38105-0.3R281 
0.38110-0.38293 
0,38101-0.38301 

0.38095-0.38304 
0,38059-0.38322 
0.38042-0.38337 
0.38024-0.38426 
0.38061-0.38500 
0.37834-0.38622 
0,37869-0.38468 
0.36771-0.39640 

- - - -  

0.38136-0.38327 
0.38142-0.38339 
0.38146-0.38351 
0.38145-0.38362 
0.38128-0.38356 
0.38109-0.38335 
0.38095-0.38338 
0.38073-0.38313 
0.38077-0.38327 
0.38063-0.38339 

0.38055-0.38343 
0.38007-0.38374 
0.37981-0.3R398 
0.37936-0.38514 
0.37956-0.38605 
0.37610-0.38846 
0.37619-0.38718 
0.31021-0.45390 

___.__--_______.. 

r.ha miniilium estGmated standard deviation f o r  L ~ S  col/abs/tl keff estimator occurs with 11 inactive cycles and 109 active cycles 

the first active half o t  the problem skips 20 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len kef€, one standard deviation. and 68, 95, and 95 percent intervals for each active h a l f  of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half 0.38214 0.00035 0.38179 to 0,38250 0.38143 to 0.38286 0.38119 to 0.38309 
second halt 0.38230 0.00031 0.38199 to 0.38262 0.38167 to 0,38294 0,38146 to 0.38315 

'. 

1 
0 2  
0 
m 

1 
0 
0 
c-' 



f i n 6 1  r e s u l t  0.38216 0.000?4 0.38191 to 0.38240 0.38167 t o  0.38264 0.38151 to 0.38280 

t l l i ;  f i r s t  and s w o n d  half values of k(col1isioniabsorption;track length) appear to be the same at the 68 percent confidence level 
lplot o E  the estimated col:abs/track-length k e f f  one standard deviation interval by active cycle number ( 1  = €indl keff = 0.38216) 
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16 
47 
4R 
49 
50 
51 
52 
53 
5 4  

active. 0. 3231 0 . 3 8 2  0 . 3 8 3  0.3R4 

119  I 
11R 1 
117 I 
116 [ 
115 [ 

1 1 3  [ 

1 1 1  + 

11.1 [ 

lI? I 

110 I 
109 I 
l o a  I 
107 I 
106 I 
105 I 

102 I 

104 1 
103 1 
101 + 

I 

+ 

+ 0 2  
0 
v) 
m 

I 
0 
0 
c-l 



c i 
5 5  
56 
57 
511 
59  
60 
6 1  
62 
I53 
64  
6 5  
6 r j  
6 1  
6 8  
69 

' 70 
7 1  

' 7 2  
-1 j 
1 4  
'2 5 
7 6  
7 1  

79 
HO 
R l  
R:! 
R3 
R 4  
8 5  
8 6  
87 
R R  
R9 
9 0  
9 1  
9 2  
73 
94  
9 5  
9 6  
9 '7 
98 
9 9  

1 0 0 .  
101 
L O 2  
103 
1 0 4  
105 
106 
107 
108 
109 
110 

7 a  



1 warn ing  massage so f a r  

i u n  c s r s i i n a c z d  when 1 7 0  kcode cycles were dona. 

cmiilxitei- time = 11. 98 minutes 

IIICIIL) v e r s i o n  4a io101193 0 9 / 1 4 / 0 0  0 5 : 2 9 : 0 9  prohid = 0 9 / 1 4 / 0 0  0 4 : 4 7 : 1 0  
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Attachment 4: Case 2 with MCNP surface and cell numbers 



2 

I t  
0 0  

i i 

WVNS-NCSE-001 
REV. 0 

FILE 
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Dames & Moore 

15.3 



Attachment 5: Case 2 MCNP input file 

WVNS-NCSE-001 
REV. 0 



10b1 
k eff, 3509 Pu-239 in concrete matrix in TRU-waste box. 
C 
C Cell cards 
C c ______________-_____-------_-------- - - - - - - - - - - - - - - - - - - - - - - - - -_-------- - -  
1 1 8.1776e-2 1 -2 3 -4 5 r 6  imp:n=l $ TRU box with concrete-Pu-239 mix 
2 2 -2.3 1 -2 3 -4 -5 7 imp:n=l S Concrete floor 
3 0 -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world c ___________-________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_- - - - - - - - - - -  
C 
c Note: next line must be completely blank 

c Surface cards 
c __________________-_-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
*1 px 0 
*2 px 172.72 
*3 PY 0 
*4 py 137.16 
5 p z  0 
6 p:: 350.52 
7 PZ -300 c 
C 
c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
C 
C 
c Pu-239 in concrete matrix (Elements: H, 0, Na, Si, Al, Ca, Fe, Pu-239) 
ml 11023.50~ 1.7471e-3 

13027.50~ 1.7453e-3 
14000.50~ 1.6619e-2 
20000.50~ 1.5206e-3 
26000.55~ 3.4722e-4 
1001.50~ 1.3741e-2 
8016.50~ 4.6055e-2 

94239.55~ 4.2471e-7 
c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p .  C-4 
c (Elements: H, 0, Na, Si, Al, Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

C 
mode n 
print 40 60 80 100 110 126 
kcode 4000 1. 20 120 
ksrc 86 68 175 

WVNS-NCSE-001 
REV. 0 

Page 1 

c 



Attachment 6: Case 2 MCNP output file 

WVNS-NCSE-001 
REV. 0 



Imcnp version 4a ld=10/01/93 09/14/00 15:01:29 
* . t t * . * , * * . * l * f . f f * * , . , * * ~ * * ~ ~ ~ ~ . * * . ~ ~ . * * ~ * , * ~ * * * * . ~ . ~ * * * ~ , * ~ * * * * * * * * * . ~ ~  

name= lob1 

1- 

3- 
4- 
5-  
6- 

R -  
9 -  

10- 
1 1 .- 
1 2 -  
13- 
14- 
15- 
16- 
17- 
18- 
1 9 -  
2 0 -  
2 1 -  

3 3 -  
2 4 -  
2 5 -  

17 - 
2R- 
3 9 -  
3 0 -  
3 1 -  
? 2 -  
33 
3 4  - 
3 5 - 
3 6 -  
3 .I - 
3 8 -  
39- 
1 0 -  
41- 
42- 
43- 
44- 
4 5 -  
46- 
47- 
4R- 
4 9 -  
50- 
51- 
5 2 -  
53- 
54 - 

.I- 

i -  

7 3 -  
LL.  

3 6 .. 

k eff, 350g Pu-239 i n  concrete matrix in TRU-waste box. 
C 
C Cell cards 
C c 
I 1 8.1776e-2 1 -2 3 -4 5 -6 imp:n=l $ TRU box with concrete-Pu-239 mix 
2 2 -2.3 1 -2 3 - 4  -5 7 imp:n=l $ Concrete floor 
3 0 -1 : 2 : -3 : 4 ! -7 : 6 imp:n=O 5 Outside world 

._ 
C 
c Note: next line must be completely blank 

c Surface cards 
c 
‘1 px 0 
*2 px 172.12 
‘3 PY 0 
- 4  py 137.16 
5 pz 0 
6 pz 350.52 
‘ I  pz  -300 
c 

c Note: next line must be completely blank 

c Data cards 
C 
c Materials 

C 

C 

._ 

C 
c Pu-239 in concrete matrix (Elements: H, 0, Na, Si, A l .  Ca. Fe. Pu-239) 
ml 11023.50~ 1.7471e-3 

13027.50~ 1.7453e-3 
14000.50~ 1.6619e-2 
20000.50~ 1.5206e-3 
16000.55~. 3.4722e-4 
1001.50~ 1.3741e-2 
8016.50~ 4.6055e-2 
94239.55~ 4.2471e-7 

c Concrete (KENO Regular Concrete Standard Mix1 from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c [Elements: H, 0 .  Na. Si, A l .  Ca. Fe) 
m2 1001.50~ -0,010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0,034 
14000.50~ -0.337 
20000.50C -0.044 
26000.55~ -0.014 

C 
mode n 
print 40 60 RO 100 110 126 
kcode 9000 1. 20 120 
ksrc 86 68 175 

probid = 09/14/00 15:01:29 

0 
0 
F 



c' 
materia I 

number component  n u c l i d e ,  atom f r a c t i o n  

1 1 1 0 2 3 .  0 . 0 2 1 3 6  1 3 0 2 7 ,  0 . 0 2 1 3 4  14000. 0 . 2 0 3 2 3  20000,  0 . 0 1 8 5 9  
26000,  0 . 0 0 4 2 5  1001. 0 . 1 6 8 0 3  8 0 1 6 ,  0 . 5 6 3 1 9  94239,  0.00001 

2 1001. 0 . 1 6 8 0 3  R016, 0 . 5 6 3 2 4  1 1 0 2 3 ,  0 . 0 2 1 3 6  1 3 0 2 7 ,  0 . 0 2 1 3 4  
1 4 0 0 0 .  0 . 2 0 3 1 9  20000,  0 .01R59 26000,  0 . 0 0 4 2 5  

:i'q t er i a I 
i,,:!i>,,i.wr conipcric-tit n u c l i d e .  mass  f r a c t i o n  

I 1 1 0 2 3 .  0 . 0 2 9 0 0  1307.7. 0 . 0 3 4 0 0  14000,  0 . 3 3 7 0 2  20000, 0 . 0 4 4 0 0  
26000, 0 . 0 1 4 0 0  1001, 0.01000 R016, 0 . 5 3 1 9 0  9 4 2 3 9 ,  0 . 0 0 0 0 7  

1001, 0 .01000 R016, 0 , 5 3 2 0 0  1 1 0 2 3 ,  0 . 0 2 9 0 0  1 3 0 2 7 ,  0 . 0 3 4 0 0  
1 4 0 0 0 .  0 . 3 3 7 0 0  20000, 0 . 0 4 4 0 0  26000. 0.01400 

!C.?llP p r i n t  t a b l e  60 

a t  cini gram n e u t r o n  
c e l l  mat. d e n s i t y  d e n s i t y  vn~lirnz mass p i e c e s  i m p o r t a n c e  

I 1 1 R.17760E-02 2 .29979E+00 R.3I)l92E+O€ 1 . 9 0 9 7 3 E t O l  0 1 . 0 0 0 0 E t 0 0  
2 2 2 R.17913E-02 2 .30000E+00 1,10'70RE+06 1 . 6 3 4 6 3 E t 0 7  0 1.0000E+00 
3 3 0 ~ . O ~ O O O E + O O  o . e o o o o ~ t o o  o . o n o o ~ ~ + o o  O.OOOOOE+OO o O . O O O O E + O O  

..,>tal 1 . 5 4 1 1 0 E + 0 1  3 .54436E+07 
1 r . i  (,.s-s.:ct i o n  taliles 

t a b l s  l e n g t h  

t a b l e s  f rom f i l e  crit:.:. 

1153 n j n y  

3 6 2 7 0  n ? o y  
23S91 n ? o y  
48175 nicy 
26104 n j o y  
R 4 1 3 6  n j o y  
67551 n j o y  

2 3 6 6 9  l l i o y  

t o t a l  310049 

.::srning. neutron e n e r g y  c u t o f f  is below some c r o s s - s e c t i o n  t a b l e s  

t o t a l  n u  

( 1 3 0 1 )  
( 1 2 7 6 )  

( 13111 
I 13131 
I 13141 
I 13201 
I 2601 

( 13991 

p r i n t  table  1 0 0  

7 9 / 0 7 / 3 1 .  

7 9 / 0 6 / 2 1 .  
'79/09/OR. 
7 9 / 0 6 / 2 1 .  
7 9 / 0 6 / 2 2 .  

05 /14 IRl  

1 0 / 2 1 / 8 2  
0 2 / 2 1 / 8 5  

.-laciriiaI words of d y n a m i c a l l y  a l l o c a t e d  s t o r a g e  

geiieri 1 l O R 6 5 6  
t a l l i + s  0 
bank 6403 
c z ~ s s  sections 3101.149 

t C l t d i  415LOR 

.'...............i..t~l.*~.''.,...~*.*.*.+*.~*'.,***~,***..*.**~.***.,*~"~".*~**~*.~*,~~".*~...,**,~.~',..*.*,~.~*,*** 0 
0 
P 



. .  

ciunii, no. 1 on file lOblr nps = 0 ca l l  = 

.source distribution written to file lObls cycle = 0 

1 wnrnincj message so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

k eff, 350g Fu-239 in concrete matrix in TRU-waste box. 

0 ctm = 0.00 n m  = 

print table 110 

nps 

1 

3 
4 
5 
.c 
i 
9 

9 
10 
11 
1 2  
1 3  
14 
15 
16 
17 
1R 
19 
10 
21 
1 2  
73 
2 4 
7 5  
2 6  
27 
1 R  
13 
30 
3 1  
3 2  
33 
34 
35 
36 
37 
32 
39 
4 0  
4 1  
42 
4 3 
4 4  
3 5  
4 5  
11 7 
48 
4 9  

7 

. .. , _.. 
A .  600E+O1 
R. 600E+01 
R .  600Et01 
A .  600E+01 
R .  600E+01 
8 .  t.OOE+Ol 
R .  bOi l I ;+@l  
F \ .600EbOl  
R .  50OEt01 
R.600E101 
R .  600Ee01 
R .  600E+01 
8.600E+Ol 
R ,600Et01 
R. 600E101 
R .  600EcOL 
R.600E+01 
R .  600E+01 

8.600E101 
R .  600E101 
R . 600EtOL 
R .  600E101 
8.600E101 
R.600E101 
R .  600E10i 
R .  6008101 
R .  600E101 
R .  600E+O1 
8.600E to1 
R. 600E+01 
R .  600E+01 
R. t i O O E + ( r l  
R. 600E101 
R .  600E+01 
8.600E+01 
R .  600E+01 
A .  600E+01 
R.600E+01 
R. BOOE+Ol 
R. 600E601 
R..6OOE*Ol 
R .  600EIOl 
R .  600E101 
R .  600Et01 
R .  600E+01 
R,600E+01 

R .  600E+O1 

R .  600~+01 

R .  600Et01 

Y 

6 .ROOE+01 
6.ROOE+01 
6 .  ROOEtOl 
6 .  ROOEtOl 
E.. ROOEcOl 
6.t700E+@1 
G . ww:+oi 
6.800Ei01 
6.ROOEe01 
6. ROOEcOl 
6 .  ROOEtOl 
6.ROOE+01 
6.800E+01 
6.800E+01 
6 .  ROOE+Ol 
6 . R O O E + 0 1  
6 .  ROOEtOl 
6.ROOEt01 
6 .  ROOE+01 
6 .  ROOE+01 
6 .  ROOE+Ol 
6. ROOE+Ol 
6 .  8OOEcOl 
6 .  8OGE+O1 
6.ROOE+01 
6 .  ROOEcOl 
6.ROOEt01 
6. ROOEtOl 
6 .  ROOEcOl 
6 .  ROOE+01 
6.800E+01 
6. ROOE+Ol 
6.ROOEt01 

6 .  ROOEtOl 
6.800E+01 
6.800Et01 
6 .  ROOE+01 
6 .  ROOEkOl 

6.HOOE+OI 

6.ROOEt01 
6 .  ROOEtOl 
6 .  ROOEtOl 
6.ROOE+01 
6.800Et01 
6.800E+01 
6 .  ROOE+01 

6 .  ROOEtOl 

6 .  ROOEcOl 

6.ROOE+Ol 

7. 

1.7508+0? 
1.750E+02 
1.750E102 
1.750Et02 
1.750E+O? 
1.750Ec02 
1.750E102 
1.750Ec02 
1.7SOE+02 
1.7508+02 
1.750E+O? 
1.750E102 
1.750Ec02 
1.750E+02 
1.750Et02 
1.750E+O2 
1.7508+02 
1.750Et02 
1.750Et02 
1.750E102 
1.750E+02 
1.750E102 
1.750E+02 
1,75OE+O2 
1.750Et02 
1.750Ee02 
1.750Et 02 
1.750EtO2 
1.750E+02 
1,75OE+O2 
1,750E102 
1.750Et02 
1.750Ec02 
I .  750Et02 
1.750Ec02 
1.750E+02 
1.750Et02 
1.750Et02 
1.750E+02 
1.750E102 
1.750E102 
1.750E4 02 
1.750Et02 
1.750EtO2 
1.750Et02 
1.750E+02 
1.75GE+@2 
1,75OE+O? 
1.750Es02 

cell sur€ u V W 

1 0 5.OR5E-01 4.733E-01 7.193E-01 
1 0 R.952E-01 -4.447E-01 -2.944E-02 
1 0 -6.1A4E-01 -4.4958-01 6.446E-01 
1 0 9.710E-01 -5.665E-02 -2.323E-01 
1 0 5.R61E-01 1.496E-01 -7.963E-01 
1 0 -6,4896-02 -1.6268-01 9.R45E-01 
1 0 -7.06RE -02 3.263E-02 -9.970E-01 
1 0 -3.91SE-01 4.664E-01 -7.932E-01 
1 0 -2.36RE-01 9.215E-01 -3.079E-01 
1 0 1.946E-01 -3.204E-01 9.271E-01 
1 0 -6.69RE-01 -7.177E-01 -1.905E-01 
1 0 -R.39RE-01 -4.129E-01 3.524E-01 
1 0 -1.714E-01 -8.572E-01 4.857E-01 
1 0 -2.489E-01 -5.118E-01 -8.222E-01 
1 0 -2.959E-01 2.119E-01 9.3148-01 
1 . 0 1.395E-01 -9.829E-01 1.202E-01 
1 0 6.909E-01 -7.110E-01 1.307E-01 
1 0 -6.5ROE-01 5.320E-01 -5.329E-01 
1 0 -9.903E-01 -1.3ROE-01 1.353E-02 
1 0 7:462E-01 4.859E-01 -4.551E-01 
1 0 -1.977E-01 9.797E-01 3.360E-02 
1 , 0 -9.117E-01 -3.647E-01 -1.R91E-01 
1 0 -4.287E-01 8.361E-01 -3.423E-01 
1 0 1.OROE-01 3.412E-01 -9.338E-01 
1 0 -9.111E-.01 -9.012E-03 -4.122E-01 
1 0 -2.56RE-01 -6,3918-01 -7.2498-01 
1 0 -2.912E-01 R.OR6E-01 5.113E-01 
1 0 1,4728-01 -9.514E-01 2.705E-01 
1 0 -6.135E-01 -7.6458-01 -1.978E-01 
1 0 -5.702E-01 5.651E-01 -5.963E-01 
1 0 -6.6076-01 5.373E-01 -5.242E-01 
1 0 -9.742E-02 - 3 .  639E-01 -9.263E-01 
1 0 -1.965E-01 -3.145E-01 -9.2R7E-01 
1 0 4.097E-01 R.465E-01 -3.399E-01 
1 0 -4.04RE-02 R.831E-01 4.6758-01 
1 0 3.371E-01 -9.269E-01 -1.652E-01 
1 0 -1.867E-01 9.7563-01 -1.155E-01 
1 0 -2.616E-01 2.336E-01 -9.365E-01 
1 '2 9.7ROE-01 -7.641E-02 -1.939E-01 
1 0 2.5ROE-01 -7,0768-01 6.5788-01 
1 0 -3.2L2E-01 -7.67RE-01 -5.543E-01 
1 0 5.039E-01 -1.460E-01 8.513E-01 
3 0 6.OROE-01 5.4R7E-01 5.738E-01 
1 0 -2.932E-01 9.304E-01 -2.199E-01 
1 0 -8.475E-01 -3.993E-01 -3.497E-01 
I 0 1.200E-01 -9.195E-01 -3.743E-01 
1 0 7.085E-01 5.879E-01 3.904E-01 
1 0 4.261E-01 9.0468-01 9.254E-03 
1 0 5.431E-01 4.270E-01 -7.230E-01 

energy 

2.209Et00 
4.904Et00 
3.809E-01 
1.331E+00 
1.902Et00 
4.410E-01 
4.750E-01 
4.136B100 
7.453E-02 
3.12REt00 
1.014Et00 
1.395EcOO 
7.748E-01 
1 ,  lOlEtOO 
1.951E+00 
2.186Ec00 
1.865Et00 
1.229Ec00 
1.305E+00 
1.00OEt00 
3.990E100 
2.665E-01 
1.156E+00 
2.669E+00 
2.185Et00 
4.225Et00 
1,079Et00 
3.461Ei00 
1.836Et00 
4.556E-01 
6.415E-01 
2.764EtOO 
2.785E-01 
9.097E-01 
3.360E-01 
6.376E-01 
2.186E100 
7.314E-01 
2.997E-01 
1.444Et00 
1.914E+00 
1.502Et00 
5.971Ec00 
1. R27E+00 
1.928Et00 
1.351E+00 
2.288Et00 
1.230E+00 
1.433Ec00 

weight 

1.000Et00 
1 .OOOE+OO 
1. OOOEtOO 
1.OOOE+OO 
1.000E+00 
lIOOOE+OO 
1.00@E+00 
1.000Et00 
1. OOOEtOO 
1. OOOEcOO 
1. OOOEtOO 
1.000Ei 00 
1.000E+00 
1. OOOEcOO 
1.000E+00 
1.000E+00 
1.000E+00 
1. OOOEtOO 
1.000E+00 
1.000E+00 
1.  OOOEIOO 
1 .  OOOEtOO 
1. OOOEcOO 
1. OOOEtOO 
1. OOOEcOO 
1.000E+00 
1.000Et00 
1.00OE+00 
1.000Et00 
1. OOOEtOO 
1. OOOEtOO 
1 .OOOE+OO 
1 .  OOOEtOO 
1. OOOEcOO 
1.000E+00 
1.000E+00 
1. OOOEtOO 
1.000E+00 
1.000Et00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000Ec00 
1.000E+00 
1.000E+00 
1.000Ei00 
1 .  OOOEcOO 
1. OOOEcOO 

time 

O.OOOE+OO 
0. OO@E+OO 
0. OOOEtOO 
0. OOOE+OO 
0.000E+00 
0.000E+00 
0.000EtOO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
0. OOOEtOO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0,00OE+00 
0.000E+00 
0.000Et00 
0. OOOE+OO 
0.000EtOO 
O.OOOE+OO 
0.000E+OO 
O.OOOE+OO 
O.OOOE+OO 
0. OOOEtOO 
0. OOOEIOO 
0.000E+00 
0. OOOEIOO 
0.000Et00 
0.000E+O0 
0.000E+00 
0.000EtG0 
O.OOOE+@@ 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0 .  OOOEtOO 
O.OOOE+OO 
0. OOOE+OO 
0,00OE+00 
0. OOOE+OO 
O.OOOE+OO 
0.000Et00 

I 

0 
0 
P 

, 



f t 
50 R.60OE+01 6 .800E+01  1.750E+O2 

l e s t i m a t e d  k e f f  r e s u l t s  by  c y c l e  

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

souL-ce d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

s o c r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

s : , - t~rc~ ,  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

1 0 -1 .053E-01  -9.805E-01 1.658E-01 6 .572E-01  1.000E+00 0.000E+00 
p r i n t  t a b l e  175  

c y c l e  = 20 

c y c l e  = 2 3  

c y c l e  = 2 6  

c y c l e  = 29 

c y c l e  = 32 

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 35 

s c u r c r  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 38 

couice d i s t r i b u t i o n  w r i t t e n  t o  t i l e  lObls c y c l e  = 4 1  

. . , , I I I . C ~ >  di : ' . t . r ibu t  i c i n  w r i t L e r i  t o  f i l e  1 0 b l s  c y c l e  = 4 4  

s x i r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 4 7  

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 50 

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 53 

s . > u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 56 

.%d~irc? d i . ? t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  c y c l e  = 59 

.mtirr+ d i s t r i b u t i o n  w r i t t e n  to f i l e  l O b l s  ' c y c l e  = 62 

sc>!irc+ d i s t i  i b u t i o n  w r i t t . e n  t o  f i l e  I O b l s  c y c l e  = 65 

..* ' . * * ~ * * . t * t . . . . * l ' t * r ~ . * . * * * ~ . * ~ ~ . . * . ~ ~ , . ~ * . ~ . * ~ ~ ~ * ~ ~ ~ ~ ~ ~ * * * * ~ * . * ~ ~ * ~ ~ . . * ~ ~ ~ ~ ~ * * ~ * * ~ ~ ~ . ~ . ~ * ~ * ~ ~ ~ ~ ~ ~ * . * ' ~ ~ ~ * ~ ~ * ~ ~ . . . ~  

dump n o .  3 on f i l e  lOblr n p s  = 255993 c o l l  = 42658625 c tm = 3 0 . 1 8  n r n  = 783210319 

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  lObls 

s . ~ u r c e  d i s t r i b u t i o n  w r i t t e n  t o  file l O b l s  

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  lObls 

s o i i r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

s c i t r c ?  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  l O b l s  

s,:8urce d i s t r i b u t i o n  w r i t t e n  t o  f i l e  lObls 

w u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  lOLls 

::wrc= d i s L r i b u c i o n  ' w r i t t e n  t o  f i l e  lObls 

-wi.r? d i s t r i b u t i o n  w r i t t e n  t o  f i l e  lObls 

c y c l e  = 

c y c l e ;  = 

c y c l e  = 

c y c l e  = 

c y c l e  = 

c y c l e  = 

c y c l e  = 

c y c l e  = 

c y c l e  = 

c y c l e  = 

6 8  

7 1  

7 4  

77 

80 

83  

86 

R9 

9 2  

95  



* . t * t . t * * t l , * * t . * * * . * * * * . . * * * ~ * * ~ * . * " * . t t r t * * * * t t t l * * ~ ~ * * * * * * , * * * . * . * ~ * * * * . ~ * : ~ ~ ~ " . ~ . " " * ~ ~ * * * * * * * * * * * * ~ * * . ~ * ~ . ~ * ~ * * . ~ ~ *  

dump no. 4 on file lOblr nps = 3A4175 coll = 63957787 ctm = 4 5 . 5 0  nrn = 117.1177290 

w u r c e  distribution written to file lObls 

est.imator cycle 100 ave of  80 cycles 
k(col1ision) 0 . 0 9 3 5 3 9  0 . 0 9 3 3 5 6  0 . 0 0 0 7  
k(absorgtion1 0 , 0 9 2 4 5 3  0 . 0 9 3 3 7 2  0 . 0 0 6 3  
k ! t r k  length) 0 . 0 9 3 4 8 2  0 . 0 9 3 3 5 3  0 . 0 0 0 7  
rem lifelcol) 4 . 1 6 4 1 E t 0 4  4 .1586E+04 0 . 0 0 2 2  
rzni lifelabs) 4 . 1 6 6 3 E t 0 4  4 .1580Ec04 0.0022 
courco points generated 4022 

source distribution written to file lObls 

source distribution written to file lObls 

SOL~LCE distribution written to file LObls 

swrce distribution written to Eile lObls 

so\urce distribution written to file lObls 

estimator cycle 116 ave of 96 CYC~CS 
klcollision) 0 . 0 9 4 4 3 9  0 . 0 9 3 3 7 4  0 . 0 0 0 7  
k(absorpLion1 0 . 0 8 5 1 9 7  0 . 0 9 3 1 0 2  O . D O 5 8  
k ( t r k  length) 0 , 0 9 4 7 1 3  0 . 0 9 3 3 7 0  0 . 0 0 0 7  
r e m  lifelcol) 4 . 3 2 5 4 E c 0 4  4 .1637E+04 0 . 0 0 2 0  
rem lifelahs) 4 . 2 7 9 2 E t 0 4  4 .1626Ee04 O.OO?O 
source points generated 3 9 3 3  

saurce distribution written to file IOhls 

estimator cycle 117 ave of 97 cyclas 
k lcol lisionl 0 . 0 9 3 6 3 2  0 . 0 9 3 3 7 7  0.0007 
k ( B b w r p  t i on ) 0 . 0 3 3 1 2 2  0 . 0 0 5 7  
k . 1 r l . k  i ~ ~ ~ t ~ l i  0.093494 0 .09 3 3 7 2 0 ,01107 
I T W  1ifclciJ l l  4 . 2 4 5 6 E t 0 4  4 .1645E+04 0 . 0 0 2 0  
J + R I  life(ahs1 1 . 2 2 R 2 ~ + 0 4  4 . 1 6 3 2 E t 0 4  O.0f1l0 
~ i u r v d  tm i ii t s generated 3 9 3 2 

0 . 09 5 0 1 0 

.:stiiriaror cycle 118 ave of 9 8  cycles 
k l co 1 1 i s ion I 0 . 0 9 4 0 9 4  0 . 0 9 3 3 8 4  0 . 0 0 0 7  
1; (dbsf:srpt ion) 0.09'025 0.093111 0 . 0 0 5 7  
k (trk length) 0 . 0 9 3 9 5 9  0 . 0 9 3 3 7 8  0 . 0 0 0 7  
rem li€elcoll 4 . 2 2 8 1 8 + 0 4  4 . 1 6 5 2 8 1 0 4  0 . 0 0 2 0  
rani lifelabs1 4 . 2 1 7 3 E t 0 4  4 . 1 6 3 8 E t 0 4  0.0020 
ScJurce points generated 3 9 2 1  

estimator cycle 1 1 9  ave of 99 cycles 
k lcollisionl 0 . 0 9 3 5 2 3  0 . 0 9 3 3 8 5  0 . 0 0 0 7  
k(absorption1 0 . 0 9 1 4 9 2  0 . 0 9 3 0 9 4  0 . 0 0 5 6  
kltrk length) 0 . 0 9 3 6 2 2  0 . 0 9 3 3 8 0  0 . 0 0 0 7  
i e m  lifelcol! 4.2002E+04 4 . 1 6 5 5 E t 0 4  0.0020 
e m  litelabs) 4.1861E+04 4 .1E40E+04 0.001!, 
source points ganerated 3924 

!:curce distribution written to file lObls 

~stiiiiat.or cycle 1 2 0  ave of 100 cycles 

cycle = 98 

combination simple average combined average corr 
k(collabs1 0 . 0 9 3 3 6 4  0.0031 0.093357 0 , 0 0 0 7  - 0 . 1 3 6 2  
k(abs/tk In1 0 . 0 9 3 3 6 3  0 . 0 0 3 1  0 . 0 9 3 3 5 4  0 , 0 0 0 7  - 0 . 0 9 8 3  
k(tk ln/coll 0 . 0 9 3 3 5 5  0.0007 0 , 0 9 3 3 5 5  0 . 0 0 0 7  0 . 9 7 4 7  
k(col/abs/tk In) 0 . 0 9 3 3 6 1  0 . 0 0 2 1  0 . 0 9 3 3 5 6  0 . 0 0 0 7  
life(col/abs! 4.15833+04 0 . 0 0 2 2  4,15ROE+04 0 . 0 0 2 2  0 . 9 7 6 8  

cycle = 101 

cycle = 104 

cycle = 1 0 7  

cycle = 110 

cycle = 113 

combination simple averaye combined average corr 
k (col/abs) 0 . 0 9 3 2 3 8  0.0028 0 , 0 9 3 3 6 5  0 . 0 0 0 7  - 0 . 1 6 3 8  
k(abs/tk In1 0 . 0 9 3 2 3 6  0 . 0 0 2 9  0 . 0 9 3 3 6 2  0 . 0 0 0 7  - 0 . 1 5 2 7  
kltk ln/col) 0 . 0 9 3 3 7 2  0 . 0 0 0 7  0 , 0 9 3 3 7 2  0 , 0 0 0 7  0 . 3 7 2 8  
k(col/abs/tk In1 0.093282 0 . 0 0 1 9  0 , 0 9 3 3 6 3  0 . 0 0 0 7  
life(col/absl 4.16313+04 0 .0020 4 . 1 6 2 4 E t 0 4  0 . 0 0 2 0  0 . 9 7 7 7  

cycle = 116 

combination simple average combined average corr 
k (col /abs I 0 . 0 9 3 2 4 9  0 . 0 0 2 8  0 , 0 9 3 3 6 8  0 . 0 0 0 7  -0 .1620  
k(abs/tk 1n) 0 . 0 9 3 2 4 7  0 . 0 0 2 8  0 . 0 9 3 3 6 4  0 . 0 0 0 7  - 0 . 1 5 1 8  
kltk ln/col) 0 . 0 9 3 3 7 4  0.0007 0 , 0 9 3 3 7 3  0 , 0 0 0 7  0 . 9 7 2 6  
klcol/abe/tk In! 0 . 0 9 3 2 9 0  0 . 0 0 1 9  0 , 0 9 3 3 6 6  0 , 0 0 0 7  
liEelcol/absl 4 . 1 6 3 9 8 + 0 4  o.ooZ'o 4 . 1 G 3 0 ~ + 0 4  O . O O ~ O  0 . 9 7 7 8  

combination simple average combined average corr 
k (col / abs  1 0 . 0 9 3 2 4 7  0 . 0 0 2 8  0 , 0 9 3 3 7 5  0 , 0 0 0 7  - 0 . 1 6 3 4  
k(abs/tk I n )  0 . 0 9 3 2 4 4  0 . 0 0 2 8  0 .093369 0 . 0 0 0 7  - 0 . 1 5 3 1  
k(tk ln/col) 0 . 0 9 3 3 8 1  0 . 0 0 0 7  0 . 0 9 3 3 8 0  0 , 0 0 0 7  0 . 9 7 2 7  
k(col/abs/tk I n )  0 . 0 9 3 2 9 1  0 . 0 0 1 9  0 , 0 9 3 3 7 1  0 , 0 0 0 7  
lifelcol/abs) 4 . 1 6 4 5 E t 0 4  0 . 0 0 2 0  4 .1635Et04  0,0020 0.977R 

combination simple average combined average corr 
k(col/abs) 0 . 0 9 3 2 4 0  0.0028 0 . 0 9 3 3 7 6  0 . 0 0 0 7  - 0 . 1 6 3 9  
k(abs/tk In1 0 . 0 9 3 2 3 7  0 . 0 0 2 8  0 , 0 9 3 3 7 1  0 , 0 0 0 7  - 0 . 1 5 4 1  
kltk ln/col) 0 . 0 9 3 3 8 3  0 . 0 0 0 7  0 , 0 9 3 3 8 2  0 , 0 0 0 7  0 . 9 7 2 5  
k(col/abs/tk In) 0 . 0 9 3 2 8 7  0.0018 0 , 0 9 3 3 7 3  0 , 0 0 0 7  
lifelcol/abs) 4.1648E+04 0 . 0 0 2 0  4 . 1 6 3 7 ~ t 0 4  0,0020 0.977H 

cycle = 1 1 9  

combination simple averaye combined average corr 0 
0 
I-J 

I (. . 



k (coll is ion1 0.092316 0.093375 0.0007 
klabsorption) 0.092656 0.093090 0.0056 
k(trk length) 0.092527 0.093372 0.0007 
rem lifetcoll 4.9665Et04 4.1645E+04 0.0020 
rem Iife(abs1 4.0564Et04 4.16296+04 0.0019 
i:,.urce points generated 3907 

source distribution written to file 1 0 b l s  
I prA,b I si11 sunma r y 

S 

r u n  trrininated when 170 kcode cycles were done. 

k eff, 350g Pu-239 in concrete matrix in TRU-waste box 
0 
xutrmi creation tracks weight energy 

(per source particle) 

c ?>.I r c c 475712 1.0090E+00 2.1069E+00 

k I col labs 1 0.093232 0.0027 0.093365 0.0007 - 0 , 1 6 0 2  
k(abs/tk I n )  0.093231 0.0027 0.093363 0.0007 -0,1516 
kltk ln/coll 0.093373 0.0007 0.093372 0.0007 0.9727 
k(col/absitk In) 0,093279 0.0016 0.093363 0.0007 
life(col/abs) 4.1637E+04 0.0020 4.1626E+04 0.0020 0.9780 

cycle = 120 

i qh t window 0 0. 0. 
r:?l 1 ilnportallce 0 0. ' 0. 
:;si ,111 t cut of f 0 2.1686E-01 7.3342E-05 
?n+rgy importance 0 ' 0 .  0. 
it:.:t ran 0 0. 0. 
torceci collisions 0 0. 0. 
:?.:I> . t rans f orfn 0 0. 0. 
t.i;xxa t t sr i ng 0 0. 6,4984E-07 

In , s n  ) 4 6.3663E-06 6.R7A7E-06 
fi.ssion 0 0. 0. 

total 475716 1.22598+00 2.1070E+00 

nunibnr of neutrons banked 2 
nsutron tracks per source particle 1.0000E+00 
n.?utron collisions per source particle 1.6653Et02 
r ( o t  a 1 n?ut ron co 1 1 i B i 011s 7921.1392 
n.?F mu 1 t ipl icat ion 1.@000E+00 0.0004 

r . m p % l t e r  tiine sq far i i i  t h i s  run  5 6 . 3 1  miniires 
nmpilter time in mcrun 56. 30 minirtes 
source  partirles per minute R.4497Et03 
rnndoni  nunihrrs generated 1454346371 

09/14/00 15:57:47 
probid = 09/14/00 15:01:28 

neutron loss tracks weight energy 
(per source particle) 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
downscattering 
capture 
l o s s  to ( n , x n )  
loss to fission 

total 

4608 
0 
0 
0 
0 

471106 
0 
0 
0 
0 
0 
0 
2 
0 

475716 

6.7299E-03 
0. 
0 .  
0. 
0. 
2.1701E-01 
0. 
0. 
0. 
0. 
0. 
9.6960E-01 
3.1831E-06 
3.2539E-02 
1.2259E+00 

3.3970E-03 
0. 
0. 
0. 
0. 
6.R71RE-05 
0. 
0. 
0. 
0. 
2.0191E+00 
R.4322E-02 
3.2872E-05 
4.1612E-05 
2.1070E+00 

average lifetime, shakes cutoffs 
escape 1.7769Ec04 tco 1.0000E+34 

4.1614Ec04 eco 0.0000E+00 capture 
capture o r  escape 4.16533+04 wcl -5.000OE-01 
any termination 4.9867E+04 WC2 -2.5000E-01 

niasimum number ever i n  bank 1 
bank overflows to backup file 0 
field length 0 
most random number's used was 1 9 5 R 1  in history 43979 

i-aiiye of sampled source weights = 9.6061~01 to l,0256E+Ol 
!n.-wtitin activity i n  .vich cell print table 126 

tracks population collisions collisions number flux average average 
csl? entering weight weighted weighted track weight track mfp 

(per history) energy energy (relative) (cm) 

1 1 488733 475714 711726439 9.8305E+01 7.2245E-05 2..8516E-01 6.3583E-01 2.2413Et00 
?. 16686 6592 4 9 2 9 5 3  5.2520501 2.9661E-05 1 . 4 6 1 6 E - 0 1  5.3150E-01 1.9693E+00 

total 505419 4R2266 79219392 9.8831Ec01 
probid = 09/14/00 15:01:29 ! r : $ E f  ri.sults for: k e f f ,  350q Pu-239 in concrete matrix in TRU-waste box. 

rhs initial fission neutron S O U L C B  distribution used the 1 source points that were input on ttie ksrc card. 
the criticality problem was scheduled to skip 2C cycles and run a total of 120 cycles with nominally 
c h i s  prc~hlsn~ has run 20 inactive cycles with 76R41 neutron histories and 100 active cycles with 

4000 neutrons per cycle. 
398871 neutron histories. t: 

0 
0 
I--' 



this calculation has completed the requested number of kef€ cycles using a total of 475712 fission neutron source histories. 
< i l l  cells with fissionable material were sampled and had fission neutron source points. 

tha r5sults of the w test for  normality applied to the individual collision, absorption, and track-length keff cycle values are: 

tke kl-collision1 cycle values appear normally distributed at the 95 percent confidence level 
the k(ahsorption) cycle values appear normally distributed at the 9 5  percent conEidence level 
the kltrk length) cycle values appear normally distributed at the 9 5  percellt confidence level 

I I 

I I 

I I 

1 the findl estiniated combined collision/ahsorption/track-length keff = 0 . 0 9 3 3 6  with an estimated standard deviation of 0.00006 I 
I the astinrated 6R. 9 5 ,  G 9 9  percent keff confidence intervals are 0 . 0 9 3 3 0  to 0 . 0 9 3 4 2 .  0 .09324 to 0 . 0 9 3 4 9 .  and 0 . 0 9 3 2 0  to 0 , 0 9 3 5 3  I 
1 the estimated collision/absorption neutron removal lifetime = 4.16E-04 seconds with an estimated standard deviation of R.12E-0’7 I I 

:I12 estimated average keffs. -one standard deviations, and 68, 9 5 .  and 99 percent confidence intervals are: 

ketf estimator 

collision 
absorption 

track length 
co1:ahsorp 
absftrk len 
col/trk len 

col,abs/trk le11 

keff standard deviation 

0.00006 0 . 0 9 3 3 7  
0 . 0 9 3 0 9  0 . 0 0 0 5 2  
0 . 0 9 3 3 7  0 . 0 0 0 0 6  
0 . 0 9 3 3 7  0 .00006  

0.00006 0 . 0 9 3 3 6  
0 . 0 9 3 3 7  0 . 0 0 0 0 6  
0 . 0 9 3 3 6  0.00006 

6 R A  confidence 

0 . 0 9 3 3 1  to 0 . 0 9 3 4 4  
0 .09257 to 0 . 0 9 3 6 1  
0 . 0 9 3 3 1  to 0 . 0 9 3 4 3  
0 . 0 9 3 3 0  to 0 , 0 9 3 4 3  
0 . 0 9 3 3 0  to 0 , 0 9 3 4 2  
0 . 0 9 3 3 1  to 0 . 0 9 3 4 4  
0 . 0 9 3 3 0  to 0 . 0 3 3 4 2  

95% confidence 

0.09325 to 0 . 0 9 3 5 0  
0 . 0 9 2 0 6  to 0 , 0 9 4 1 2  
0 .09325 to 0 . 0 9 3 5 0  
0 . 0 9 3 2 4  to 0 , 0 9 3 4 9  
0 .09324 to 0 . 0 9 3 4 8  
0 .09325 to 0 . 0 9 3 5 0  
0 . 0 9 3 2 4  to 0 . 0 9 3 4 9  

991. confidence corr 

0 . 0 9 3 2 1  to 0 . 0 9 3 5 4  
0 . 0 9 1 7 2  to 0 . 0 3 4 4 5  
0 . 0 9 3 2 1  to 0 . 0 9 3 5 4  
0 . 0 9 3 2 0  to 0 . 0 9 3 5 3  - 0 . 1 6 0 2  
0 . 0 9 3 2 0  to 0 . 0 9 3 5 2  - 0 . 1 5 1 6  
0 . 0 9 3 2 1  to 0 . 0 9 3 5 4  0 . 9 7 2 7  
0 . 0 9 3 2 0  to 0 . 0 9 3 5 3  

i f  the largest of each keff occurred on the next cycle, the kef€ results and 6R. 9 5 ,  and 99 percent confidence intervals would be: 

68% confidence 95% confidence 9 9 %  confidence keff estimator keff standard deviation 

collision 0 , 0 9 3 3 9  0 . 0 0 0 0 7  0 .09333 to 0 . 0 3 3 4 6  0 . 0 9 3 2 6  to 0 . 0 9 3 5 2  0 . 0 9 3 2 2  to 0 . 0 9 3 5 6  
absorption 0 . 0 9 3 2 2  0 . 0 0 0 5 3  0 .09269 to 0 . 0 9 3 7 4  0 . 0 9 2 1 7  to 0 , 0 9 4 2 7  0 . 0 3 1 8 2  to 0 . 0 9 4 6 1  

track length 0 . 0 9 3 3 9  0.00006 0 . 0 9 3 3 2  t o  0 . 0 9 3 4 5  0 . 0 9 3 2 6  to 0 . 0 9 3 5 2  0 . 0 9 3 2 2  to 0 . 0 9 3 5 6  
ccl.ahs/t.rk len 0.0933R O.OOO06 0 . 0 9 3 3 2  to 0 . 0 9 3 9 5  0 .09326 to 0 . 0 9 3 5 1  0 . 0 9 3 2 2  to 0 . 0 9 3 5 5  

the estimated collision/ahsorption neutron lifetimes, one standard deviations, and 68,  95, and 99 percent confidence intervals are: 

type lifetime(sec) standard deviatim 68% confidence 95% confidence 99% confidence 

removal 4.1626E-04 8.1240E-07 4.1545E-04 to 4.1707E-04 4.1464E-04 to 4.17RRE-04 4 .1412E-04 to 4.1R41E-04 
capture 4 . 1 8 1 0 E - 0 4  5.7919E-07 4 . 1 7 5 2 8 - 0 4  to 4.186RE-04 4.16953-04 to 4.19268-04  4 .1657E-04 to 4.1963E-04 
fission 4 . 0 1 4 5 E - 0 4  5 .5609E-07 4.00R9E-04 to 4.0200E-04 4 .00348-04  to 4.0256E-04 3.999RE-04 to 4 . 0 2 9 2 E - 0 4  
escape 1. R057E-04 4 . 6 3 5 0 8 - 0 6  1 .7593E-04 to 1.8521E-04 1.7133E-04 to 1.8980E-04 1 .6832E-04 to 1.9281E-04 

1=,~7ar.?r~e individual and combined collisioniabsorptionltrack-length keff results for 7 different batch sizes 

c y c l ~ s  per number of average keff estimators and devi’ations normality average k(c/a/tl k(clalt1 confidence intervals 
krff hatch k hatchss k ( c o 1 )  st dev klabs) st de.J kltrk) st dev co/ab/trk k(c/a/tl st dev 95% confidence 99% confidence 

1 100 1 0 . 0 9 3 4  0 . 0 0 0 1  0 . 0 9 3 1  0 . 0 0 0 5  0 . 0 9 3 4  0 , 0 0 0 1  195/95/951 0 , 0 9 3 3 6  0 .00006 0 . 0 9 3 2 4 - 0 . 0 3 3 4 9  0 . 0 9 3 2 0 - 0 . 0 3 3 5 3  
2 50 1 0 . 0 9 3 4  0.0001 0 . 0 3 3 1  0 . 0 0 0 5  0 , 0 9 3 4  0 . 0 0 0 1  1 9 5 / 9 5 / 9 5 )  0 , 0 9 3 3 6  0,00006 0 , 0 9 3 2 4 - 0 . 0 9 3 4 9  0 . 0 9 3 2 0 - 0 . 0 3 3 5 3  

I 2 5  1 0 . 0 9 3 4  0 .0001 0 . 0 3 3 1  0 .0005  0 . 0 9 3 4  0 . 0 0 0 1  ) 9 5 / 9 5 / 9 5 1  0 . 0 9 3 3 6  0 . 0 0 0 0 7  0 . 0 9 3 2 3 - 0 . 0 3 3 5 0  0 . 0 3 3 1 8 - 0 . 0 9 3 5 5  



c‘ 
5 20 I 0.0934 0.0001 0.0931 0.0003 0.0934 0.0001 195/95/95 0.09336 0.00006 0.09322-0.09349 0,09317-0.09354 
10 10 I 0.0934 0.0001 0.0931 0.0003 0.0934 0.0001 195/95/951 0.09334 0.00006 0.09319-0.09349 0.09312-0.09356 
20 0.0934 0.0001 0.0931 0,0005 0.0934 0.0001 [95/95/95( 0.09335 0.00004 0.09318-0.09353 0,09296-0.09375 
25 45 I 0.0934 0.0001 0.0931 0,0004 0.0934 0.0001 )99/95/noj 0.09334 0.00009 0.09222-0.09445 0.08777-0.09890 

l i n d i v i d u a l  and average keff estimator results by cycle 

k e f €  neutron keff estimators by cycle 
cycle histories k(col1) k(abs1 kltrack) 

1 
2 
3 
4 
5 
6 
I 
R 
9 

1 0  

1 1  
I? 
13 
14 
15 
16 
17 
1 R  
19 
20 

21 
22 
23 
24 
25 
26 
27 
? R  
29 
30 

. - - - . - 

4000 
390 

3850 
4 0 5 5  
4164 
3993 
3995 
4030 
4150 
4024 

0.09398 
0.093R3 
0.09487 
0.09521 
0.09420 
0.09428 
0.09410 
0.09472 
0.09448 
0.09492 

0.09436 
0 .OB878 
O.OR816 
0.09092 
0.10151 
0.09309 
0.09860 
0.08525 
0.08433 
0.10171 

0.09404 
0.09414 
0.09496 
0,09529 
0.09409 
0.09439 
0.09402 
0.09498 
0.09437 
0.09450 

average keff estimators and deviations average k(c/a/t) 
k(col1) st dev klabs) st dev kltrack) st dev klc/a/t) st dev fom 

3958 I 
4041 I 
4041 I 
4131 1 

JOR8 I 
3995 I 
3844 1 
3959 I 
3990 1 
4043 I 

4003 I 
4028 1 
3908 1 
4078 I 

3890 I 
4074 I 
4056 I 

- - - - - - - - - 

3975 1 

3997 I 
3935 I 

31 3949 
32 3996 
33 3 8 6’7 
34 3965 
35 39R7 
36 4019 
3 7  3999. 
38 3911 
39 4070 
40 3936 

41 3 157 
42 38P0 
43 3935 
44 3R95 
45  4049 
4 6  4020 
47 399R 
4s 3950 
‘IF 3 R 9 3  

..___.____________ 

0.09458 0.09523 0,09446 
0.09432 0.09229 0.09430 
O.094R5 O.OR781, 0.09489 
0.09404 .0.09593 0.09415 
0.09404 0,09539 0.09410 
0.09377 0.08682 0.09383 
0.09251 0.10562 0.09257 
0.09219 0.09563 0.09234 
0.09255 0.10573 0.09280 
0,09405 0.09618 0.09396 
begin active kef€ cycles 
0.09407 0.08627 0.09390 
0.09319 0.09109 0.09324 
0,09311 0.09137 0.09306 
0.09295 0.09442 0.09314 
0.09297 0.09827 0.09307 
0,09367 0.0897R 0.09361 
0.09370 0.09134 0.09376 
0,09279 0.10549 0.09292 
0.093R7 0.09343 0.093R.7 
0.092R3 0.09632 0.09260 

I 
I 
I 
I 
_ _ - - - _ _ _ _ _ _ _ - - _ - - - -  

I 0.09363 0.00044 
I 0.09346 0.00031 
1 0.09333 0.00025 
I 0.09326 0.00021 
I 0.09333 0.00018 
I 0.09338 0.00016 
I 0.09331 0.00016 
I 0.09337 0.00015 
I 0.09332 0.00015 

0.08868 0.00241 
0.08958 0.00166 
0.09079 0.00168 
0.09229 0.00198 
0.09187 0.00167 
0.09179 0.00142. 
0.09350 0.00211 
0.09350 0.001R6 
0.09378 0.00168 

0.09357 0,00033 
0.09340 0.00025 
0.09333 0.00019 
0.09328 0.00016 
0.09334 0.00014 
0.09340 0.00013 
0.09334 0.00013 
0.09340 0.00013 
0.09332 0.00014 

- _  

1 
1 
1 
1 
1 
1 
1 
1 

0.09287 0.00019 
0.09324 0.00015 
0.09327 0.00012 
0.09327 0.00014 
0.09336 0.00010 
0.09342 0.00011 
0.09334 0.00011 

0.09388 
0.09364 
0.09429 
0.09424 
0.09322 
0.09324 
0.09272 
0.09417 
0.09368 
0.09307 

0.09331 
0.09401 
0.09291 
0.09357 
0.09347 
0.09405 

0.09240 
0.09291 

_ _ _ _ _ _ _ - _ _  

c.09357 

0.08305 0.09379 
0.09460 0.09367 
0,09730 0.0940R 
0.09061 0.09423 
0.08955 0.09321 
0.0R554 0.09338 
0.09750 0.09271 
0.09363 0.09402 
0.10149 0.09360 
0.09842 0.09321 

0.09194 0.09311 
0.09912 0.09396 
0.09295 0.09289 
0.09007 0,09340 
0.1001R 0,09373 
0.09655 0.09405 
0.09803 0.09349 
0.09800 0.09259 
0.093R9 0.09303 

- - - - - _ - - _ _ _  

1 0.09337 0.00014 
I 0.09339 0.00013 
1 0.09346 0.00014 
I 0.09351~0.00014 
I 0.09350 0.00013 
I 0.0934R 0.00013 
I 0.09343 0.00013 
I 0.09348 0.00013 
I 0.09349 0,00012 
I 0.09347 0.00012 

1 0.09346 0.00011 
1 0.09348 0.00011 
1 0.09346 0.00011 
I 0.C9346 0.00010 
1 0.09346 0.00010 
I 0.09349 0.00010 
I 0.09349 0.00009 
1 0.09345 0.00010 
I 0.09343 0.00010 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ -  

0.09280 
0.09295 
0.09329 
0.09310 

0.00181 
0.00166 
0.00156 
0.00146 

0.09286 0.00138 
0.09240 0.00137 
0.09270 0.00132 
0.09275 0.00125 
0.09321 0.0012.6 
0.09347 0.00123 
_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  
0.09340 0.00117 
0.09366 0.00115 
0.09363 0.00109 
0.09348 0.00106 
0.09315 0.00105 
0.09386 0.00101 
0.09401 0,00099 
0.09415 0.00096 
0.09415 0.00093 

0.09336 0.00013 
0.09339 0,00012 

0.09350 0.00013 
0.0934R 0,00012 
0.09347 0.00011 
0.09343 0.00012 
0.09346 0.00012 
0.09341 0.00011 
0,09345 0.00010 

0.09344 0,00010 
0.09346 0.00010 
0.09344 0.00010 
0.09343 0.00009 
0.09345 0.00009 
0.09347 0.00009 
0.09347 0.00009 
0.09344 0.00009 
0.09343 0.00009 

0.09344 o.00013 

____________.____. 

0.09333 0.00010 
0.09336 0.00009 
0.09343 0.00012 
0.09347 0.00012 
0.09345 0.00011 
0.09343 0.00011 
0.09339 0.00011 
0.09342 0.00011 
0.09344 0.00010 
0.09344 0.00010 

I 0.09342 0.00010 
I 0.09345 0.00010 
1 0.09343 0.00010 1 0.09342 0.00009 

0.09345 0.00009 
0.09348 0.00009 

I 0.09348 0.00009 
1 0.09345 0.00009 
I 0.09344 0.00009 

125064 
168175 
206065 
137665 
237122 
176856 
163353 

183134 
179501 
104931 
94432 
95069 
97782 
96259 
93038 
94268 
102098 

91634 
90533 
87902 
R9567 
90297 
86141 
RR40R 
84743 
88183 

- - - - - - - - 

. 

0 2  

m 
n 
0) 

1 
0 
0 



50 
- - - - - - - 

c. 
JI 

52 
53 
54 
55 
56 
57 
58 
59 
60 

- - - - . - 

4067 1 0.09208 
3Yzz j 0.09346 
4047 1 0.09162 
3858 1 0.09309 
4004 1 0.09218 
3936 ] 0.09338 
3999 1 0.09258 
3955 1 0.09375 
4030 I 0.09392 
4040 0.09248 
3980 1 0.09497 

_.______._____.___-_- 

0.08748 

0.09707 
0.08442 
0.09525 
0.09344 
0.09178 
0.10594 
0.08R68 
0.09641 
0.10530 
0.08659 

- - - - _ - - - -. 

- - - - - - - - - . 

0.09196 

0.09350 
0.09161 
0.09316 
0.09231 
0.09334 
0.09256 
0.09378 
0.09392 
0.09273 
0.09506 

. - - - - - - - -. 

. - - - - . . 

I 0.09339 0.00010 

I 0.09339 0.00010 
I 0.09333 0.00011 
I 0.09333 0.00011 
1 0.09329 0.00011 1 0.09329 0.00011 

0.09327 0.00011 
0.09329 0.00010 

1 0.09330 0.00010 
I 0.09328 0.00010 
1 0.09333 0.00011 

._____-_-_--_.._____ 
0.09392 0.00092 

0.09402 0.00090 
0.09372 0.00092 
0.09377 0.00089 
0.09376 0.00087 
0.09370 0.00084 
0.09404 0.00089 
0.09390 0.00088 
0.09396 0.00086 
0.09426 0.00088 
0.09406 0.00088 

0.09411 0.00086 
0.09387 0.00088 

0.09367 0.00085 
0.09383 0.00085 
0.09367 0.00084 
0.09368 0.00083 
0.09361 0.00081 
0.09368 0.00080 
0.09380 0.00079 

0.09390 0.00078 
0.09387 0.00077 
0.09371 0.00077 
0.09367 0.00076 
0.09361 0.00074 
0.09352 0.00074 
0.09350 0.00072 
0.09338 0.00072 
0.09349 0.00072 
0.09353 0.00071 

___---______-_-__. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.09383 o.00086 

0.09338 0.00010 

0.09338 0,00009 
0.09333 0.00011 
0.09332 0.00010 
0.09329 0.00010 
0.09329 0.00010 
0.09327 0.00010 
0.09329 0.00010 
0.09330 0.00010 
0.09329 0.00010 
0.09333 0.00010 

! 0.09338 0.00010 

0.09339 0.00010 
0.09332 0.00011 
0.09332 0.00011 

I 0.09329 0.00011 
[ 0.09329 0.00010 
1 0.09328 0.00010 
I 0.09329 0.00010 i 0.09331 0.00010 

0.09330 0.00010 
0.09335 0.00010 

_ _ - _ _ - _ _ - _ - _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ -  

62569 

64388 
48250 
49855 
48083 
49685 
48235 
49269 
49005 
49413 
42911 

43626 
45109 
46116 . 
45925 . 
45219 
39656 
40408 
41617 
41875 
42370 

42374 
43010 
44100 
44820 
43388 
43513 
44084 
44734 
44366 
44437 

43556 
43792 
44504 
44761 
44937 
45141 
45331 
45760 
46201 
45777 

-_ - -  _ - _ _  

.--- .___ 

6 1  
6 2  
63 
64 
65 
66 
67 
68 
69 
70 

71 
72 
73 
74 
75 
76 
77 

' 78 
79 
R O  

81 
81 
8 3  
8 4  
8 5  
A6 
87 
88 
89  
90 

91 
92 
93 
94 
95 
96 
97 
98 
99 

100 

101 
102 
103 
104 
105 

- - - - . -. 

. - - - . . 

- . - - - - 

- - - - _ _ -  

[ 0,0929R 
1 0.09357 
1 0.09371 
1 0.09430 
1 0.09238 
1 0.09203 
1 0.09344 
[ 0.09351 
I 0.09375 
I 0.09278 

0.09246 
0.09373 
0.09377 
0.09305 
0.09228 
0.09412 
0.09301 
0.09322 
0.09380 
0.09387 

_ _ _ _ _ _ - - - -  

0.09615 
0.08372 
0.09227 
0.08672 
0.10082 
0.08678 
0.09394 
0.09027 
0.09730 
0.09948 

0.09296 
0.09340 
0.09362 
0.09430 
0.09232 
0.09170 
0.09334 
0.09367 
0.0937R 
0,09279 

I 0.09332 0.00011 
0.09332 0.00010 

j 0.09333 0.00010 
I 0.09335 0.00010 
1 0.09333 0.00010 
I 0.09330 0.00010 
I 0.09331 0.00010 
I 0.09331 0.00010 
1 0.09332 0.00010 
I 0.09331 0.00010 

I 0.09329 0.00010 
I 0.09330 0.00009 
I 0.09331 0.00009 
1 0.09331 0.00009 i 0.09329 0..00009 

0.09330 0.00009 
0.09330 0.00009 

1 0.09329 0.00009 
[ 0.09330 0.00009 
I 0.09331 0.00009 

0.09332 0.00010 
0.09333 0 , 0 0 0 1 0  
0.09333 0.00010 
0.09335 0.00010 
0.09333 0.00010 
0.09330 0.00010 
0.09330 0.00010 
0.09330 0.00010 
0.09331 0.00010 
0.09330 0.00010 

0.09329 0.00009 
0.09330 0.00009 
0.09331 0.00009 
0.09330 0.00009 
0.09329 0.00009 
0.09330 0.00009 
0.09330 0.00009 
0.09330 0.00009 
0.09331 0.00009 
0.09332 0.00009 

--_-__-_--_----_. 

0.09335 0.00010 
0.09334 0.00010 
0.09334 0.00010 
0.09336 0.00010 
0.09335 0.00010 
0.09332 0.00010 
0.09332 0.00010 
0.09332 0.00010 
0.09333 0.00010 
0.09333 0.00009 

0.09331 0.00009 
0.09332 0.00009 
0.09332 0.00009 
0.09332 0.00009 
0.09330 0.00009 
0.09331 0.00009 
0.09330 0.00009 
0.09330 0.00008 
0.09331 0.00008 
0.09332 0.0000R 

4052 
3917 
4018 
3967 
38R0 
39R4 
3950 
4 0 R R  
38R5 
4012 

0.09887 
0.09253 
0 ~ OR506 
0.09175 
0.09054 
0.ORR29 
0.09232 
0.08652 
0.0999R 
0.09591 

0.09256 
0.09372 
0.09373 
0.09308 
0.09239 
0.09428 
0.0929? 
0.09326 
0.09406 
0.09377 

3974 
4021 
4080 
4054 
3946 
3097 
4035 
3968 
4042 
4093 

0.09334 0.00008 
0.09333 0.00008 
0.09333 0.00008 
0.09333 0.0000R 
0.09333 0.00008 
0.09333 0.00008 
0.09334 0.00008 
0.09335 0.00008 
0.09334 0.00008 
0.09335 0.00008 

0.09335 0.00007 
0.09335 0.00007 
0.09336 0.00007 
0.09336 0.00007 
0.09335 0.00007 
0.09336 0.00007 
0.09336 0.00007 
0.09336 0.00007 
0.09335 0.00007 
0.09336 0.00007 

0.09336 0.00007 
0.09335 0.00007 
0.09336 0.00007 
0.09335 0.00007 
0.09334 0.00007 

_ _ - - _ - - - - _ _ _ _ _ - _ - _  

_ _ - - - - _ - _ _ - _ _ - - - _  

4109 I 0.09421 
3925 1 0.09292 
3977 1 0.09334 
3987 I 0.09376 
3H94 I 0.09271 
3973 1 0.09363 
4041 1 0.09413 
4024 1 0.09384 
4032 I 0.09334 
4021 I 0.09414 

. - - . - - - . - - - - - - -. 

0.09824 
0.08637 
0.09480 
0.09219 
0.09590 
0.09961 
0.08764 
0.09318 
0.08005 
0.09807 

- - - - - - - -. 

0.09391 
0.09296 
0.09349 
0.09401 
0.09257 
0.09368 
0.09406 
0.09362 
0.09335 
0.09390 
. - - - - - - - - - 

0.09333 0,00009 0.09361 0.00070 
0.09332 0.00008 0,09349 0.00070 
0.09332 0.00008 0.09351 0.00069 
0.09333 0.00008 0.09349 0.00068 
0.09332 0.00008 0.09353 0.00067 
0.09332 0.00008 0.09362 0.00066 
0.09334 0.00008 0.09353 0.00066 
0.09334 0.00008 0.09353 0.00065 
0.09334 0.00008 0.09333 0.00067 
0.09335 0.00008 0,09340 0.00066 

0.09335' 0.00008 0.09340 0.00065 
0.09335 0.00008 0.09343 0.00065 
0.09336 0.00007 0.09339 0.00064 
0.09336 0.00007 0,09337 0.00063 
0.09335 0.00007 0.09341 0.00062 
0.09336 0 . 0 0 0 0 9  0.09396 0.00062 
0.09336 0.00007 0.09341 0.00061 
0.09336 0,00007 0,09341 0.00060 
0.09335 0.00007 0.09338 0.00059 
0.09336 0.00007 0,09337 0.00059 

0.09336 0.00007 0.09340 0.00058 
0.09335 0.00007 0,09343 0.00057 
0.09336 0.00007 0,09332 0.00058 
0.09335 0.00007 '0.09338 0.00058 
0.09335 0.00007 0.09329 0.00058 

__.-__-_--_______-__---------------- 

0.09333 0.00008 
0.09332 0,00008 
0.09332 0.00008 
0.09333 0.00008 
0.09332 0.00008 
0.09333 0.00008 
0.09334 0.00008 
0.09334 0.00008 
0.09334 0.00008 
0.09335 0.00008 

0.09335 0.00008 
0.09335 0.00007 
0.09336 0.00007 
0.09336 0.00007 
0.09335 0.00007 
0.09336 0.00007 
0.09336 0.00007 
0.09335 0.00007 
0.09335 0.00007 
0.09335 0.00007 

0.09335 0.00007 
0.09335 0.00007 
0.09336 0.00007 
0.09335 0.00007 
0.09334 0.00007 

- - - _ - _ _ - _ _ _ _ - _ - - _ _ -  

- - - - - - - - - 
46401 
46994 
47397 
48041 
47561 
46858 
47395 
47929 
48626 
49230 

49874 
50201 
50043 
49796 
49766 

- - - - - - - - 

3990 
4069 
4029 
4024 
4060 
3931 
4067 
4062 
3914 
4061 

4022 
4040 
3981 
3999 
3861 

. . - - - - - - - 

0.09310 
0.09343 
0.09383 
0.09337 
0.09247 
0.09416 
0.09330 
0.09333 
0.09318 
0.09354 

0.09335 
0.09288 
0.09435 
0.09246 
0.09297 

- - - - - - - - 

0.09385 
0.09508 
0.09048 
0.09216 
0.09654 
0.09680 
0.08984 
0.09330 
0.09142 
0.09245 

0.09526 
0.09632 
0.08401 
0.09850 
0.08549 

- - - - - - - - - 

0.09317 
0.09362 
0.09385 
0.09358 
0.09237 
0.09422 
0.09301 
0.09301 
0.09344 
0.09348 

0.09339 
0.09280 
0.09437 
0.09241 
0.09295 

- - - - - . ._. 



c'- 
106 
1 0 7  
1 0 8  
1 0 9  
110 

111 
112 
113 
1 1 4  
115 
1 1 6  
1 1 7  
1 1 8  
I 1 9  
120 

- - - - - - - - 

_ _ _ _ _ - _ _ _ _  

3992 I 0 .09297 
4026 1 0 . 0 9 3 5 4  
3968 1 0 .09243 
3978 1 0 . 0 9 2 4 1  
3932 1 0 .09329 

4095 1 0 . 0 9 4 0 8  
3980 1 0 . 0 9 4 1 6  
3953 1 0 . 0 9 4 0 3  
4045 I 0 . 0 9 4 0 1  
3937 1 0 .09404 
3981 1 0 .09444 
3933 1 0 . 0 9 3 6 3  
3932 1 0,09409 
3921 I 0 . 0 9 3 5 2  
3924 I 0 .09232 

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  

____._.__.___----. 

0.09662 
0 .09434 
0 .08814 
0 .08839 
0 .09524 

0 .09961 
0 . 0 8 6 0 1  
0 .09470 
0 . 0 8 6 6 1  
0 . 0 9 3 6 2  
0 .08520 
0 . 0 9 5 0 1  
0 . 0 9 2 0 3  
0 . 0 9 1 4 9  
0 .09266 

. - - - - - - - - - 

0.09304 
0 .09331 
0 .09248 
0 .09283 
0 .09327 

0 .09369 
0.09413 
0,09409 
0 .09379 
0 . 0 9 4 0 1  
0 .09471 
0 .09349 
0 .09396 
0 .09362 
0 .09253 

- - - - - - - - - 

I 0 .09334 0 .00007 
I 0.09335 0.00007 
I 0.09333 0 .00007 
I 0 .09332 0 .00007 
I 0 .09332 0 .00007 

I 0 .09333 0 .00007 
I 0 .09334 0 .00007 
I 0 .09335 0 .00007 
1 0 .09336 0 .00007 
I 0.09336 0.00006 
I 0 .09337 0 .00007 
1 0 .09338 0.00006 
I 0.09338 0 . 0 0 0 0 6  
I 0 . 0 9 3 3 9  0.00006 
I 0 .09337 0.00006 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _  

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _  

0.09332 0 .00057 
0 .09334 0 .00056 
0.09328 0 .00056 
0 .09322 0.00056 
0.09325 0 .00055 

0 .09334 0 .00007 
0.09334 0 .00007 
0 .09333 0 .00007 
0.09332 0 .00007 
0 .09332 0 .00007 

I 0.09334 0 .00007 
I 0.09334 0.00006 

0.09333 0.00006 
0 . 0 9 3 3 2  0.00006 I 0.09332 0.00006 

50299 
50804 
49717 
49248 
49840 

0.09332 0.00055 
0.09324 0 . 0 0 0 5 5  
0.09325 0 .00054 
0 .09318 0,00054 
0 .09319 0 .00054 
0 .09310 0.00054 
0 .09312 0 .00053 
0 . 0 9 3 1 1  0 .00053 
0 .09309 0.00052 
0 .09309 0 .00052 

_ _ _ _ _ _ _ _ _ - - _ _ - _ _ - -  

0.09333 0.00006 
0 .09334 0.00006 
0.09334 0.00006 
0 .09335 0.00006 
0 .09336 0.00006 
0 .09337 0 .00006 
0.09337 0.00006 
0 .09338 0.00006 
0 .09338 0 .00006 
0 .09337 0 .00006 

__________.-______ 

I 0.09333 0.00006 
0.09333 0.00006 

1 0 .09334 0.00006 
I 0 . 0 9 3 3 5  0 .00006 
1 0 . 0 9 3 3 5  0.00006 
I 0 . 0 9 3 3 6  0.00006 

0 .09337 0.00006 f 0 .09337 0.00006 1 0 . 0 9 3 3 7  0.00006 
I 0 . 0 9 3 3 6  0.00006 

4 9 7 2 1  
49749 
4 9 4 9 1  
49813 
49716 
48869 
49298 
49296 
49795 
49233 

- - - - - - - 

the lartrest active cycle kefes by estimator are: the smallest active cycle keffs by estimator are: 

collision 0.09497 on cycle G O  collision 0.09162 on cycle 52 
absorption 0.10594 on cycle 56 absorption 0 . 0 8 0 0 5  on cycle 89 
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0 . 0 9 1 4  0 . 0 0 1 3  0 . 0 9 3 8  0 . 0 0 0 2  199 /95 /95  0 .09357  0 . 0 0 0 2 6  
0 .0917  0 . 0 0 1 4  0 . 0 9 3 7  0 . 0 0 0 3  \ 9 5 / 9 5 / 9 5 /  0 .09341  0 .00016  
0.092R 0,0008 0'.0934 0 . 0 0 0 3  1 9 5 / 9 5 / 9 5 (  0 .09330  0 . 0 0 0 1 5  
0 . 0 9 2 1  0 . 0 0 0 3  0 .0934  0 . 0 0 0 4  1 
0 . 0 9 2 1  0 . 0 0 0 6  0 . 0 9 3 1  0.0005 1 

_____-_______--_____----------------.-------------------. 

_.__.___________________________________-------.-----.--. 

0 .09322-0 .09360  
0 .09319-0 .09359  
0 .09318-0 .09360  
0 .09316-0 .09359  
0 .09314-0 .09357  
0 .09311-0 .09358  
0 . 0 9 3 0 7 - 0 . 0 9 3 5 8  
0 .09304-0 .09356  
0 .09308-0 .09360  
0 .09304-0 .09362  

0 .09300-0 .09367  
0 . 0 9 3 0 3 - 0 . 0 9 3 7 7  
0 .09302-0 .09383  
0 . 0 9 3 1 5 - 0 . 0 9 3 9 1  
0 .09317-0 .09410  
0 . 0 9 2 9 1 - 0 . 0 9 4 2 3  
0 .09291-0 .09390  
0 .09143-0 .09517  

0 .09316-0 .09367  
0 . 0 9 3 1 2 - 0 . 0 9 3 6 6  
0 . 0 9 3 1 1 - 0 . 0 9 3 6 7  
0 .09308-0 .09367  
0 . 0 9 3 0 6 - 0 . 0 9 3 6 5  
0 . 0 9 3 0 2 - 0 . 0 9 3 6 6  
0 . 0 9 2 9 8 - 0 . 0 9 3 6 7  
0 .09295-0 .09365  
0 . 0 9 2 9 9 - 0 . 0 9 ? 6 9  
0 . 0 9 2 9 3 - 0 . 0 9 3 7 2  

0 . 0 9 2 8 8 - 0 . 0 9 3 7 9  
0 .09288-0 .09392  
0 . 0 9 2 8 5 - 0 . 0 9 4 0 0  
0 .09299-0 .09407  
0 . 0 9 2 9 4 - 0 . 0 9 4 3 3  ; 
0 . 0 9 2 5 3 - 0 . 0 9 4 6 0  
0 . 0 9 2 5 0 - 0 . 0 9 4 3 2  
0 . 0 8 3 9 4 - 0 . 1 0 2 6 7  

- _ - _ - _ _ _ _ - _ - _ - _ -  

_ _ _ _ - _ _ _ _ _ _ _ _ - _ -  

the minimum estimated standard deviation for the col/abs/tl kef€ estimator occurs with 1 3  inactive cycles and 107  active cycles. 

the first active half of the problem skips 2 0  cycles and uses 50 active cycles; the second half skips 70  and uses 50 cycles. 
the col:abs/trk-len keff, one standard deviation, and 6 8 ,  9 5 ,  and 99 percent intervals f o r  each active half of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half 0 , 0 9 3 3 3  0 . 0 0 0 0 9  0 . 0 9 3 2 3  to 0 , 0 9 3 4 2  0.09314 t o  0 . 0 9 3 5 1  0 , 0 9 3 0 7  to 0 . 0 9 3 5 8  
second half 0 , 0 9 3 4 0  0 .  OOOOR 0 .09332  to 0 . 0 9 3 9 9  0 .09324  to 0 . 0 9 3 5 7  0 . 0 9 3 1 8  to 0 . 0 9 3 6 3  
final result 0 .09336  0.00006 0 . 0 9 3 3 0  to 0 , 0 9 3 4 2  0 .09329  to 0 , 0 9 3 4 9  0 . 0 9 3 2 0  to 0 . 0 9 3 5 3  

the f i r s t  and second half values of k(collision/absorption/track length) appear to be the same at the 68 percent confidence level. 
lplc-,r o f  the estimated col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0 .093361  

iiiact ive 
CS'C 1 F1s 
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8 3  37 I 
84 36 i 
85 35 I 
R 6  34 I 
87 33 I 
R8 32 I 
90 30 I 
89 31 + 

91 29 1 
93 27 I 
92 28 I 
94 26 j 
9 5  25 I 
96 24 I 
97 23 I 
9 R  1 2  I 
100 20 I 
101 19 I 

104 16 I 
105 15 1 
106 14 I 
107 13 I 

99 21 t 

:i: I 102 
103 

l o a  12 1 
110 10 I 
109 11 t 

I 
I 

I 
I 

I 
I 
I 

I 
+ 

I 

1 w a r n i n g  message s o  f a r  

run  t e r m i n a t e d  when 120 kcode c y c l e s  were d o n e .  

compute r  t i m e  = 56.31 minutes 

mcnp v e r s i o n  4a 10/01/93 09/14/00 15:57:47 p r o b i d  = 09/14/00 15:01:29 
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Problem Statement & Calculation Objectives: 

To determine the neutron multiplication factors for 00 x 
homogeneously mixed with variable density water, cellulose and concrete matrices. Water of various density 
fills the space outside the containers with fissile material. 

x 4 arrays of 55 gallon drums filled with Pu-239 
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Analysis 

Assumptions 

The following assumptions were taken for the adopted model: 

Pu-239 is homogeneously mixed with matrix 
The Plutonium-matrix mixture filles the entire space inside the container 
The containers stand on the 3 m thick concrete floor 
The 55 gallon drum is a cylinder with 56.83 cm (22.37 inches) inside diameter and 89.1 1 cm (35.08 
inches) height 
The drum wall is made of carbon steel and its thickness is 0.157 cm 
The drums are arranged in the infinite hexagonal array, 4 tiers heigh (m xm x 4) 
Every drum contains 200 g of Pu-239 
Water of various density fills the space outside the drum 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Plutonium mixtures with water, 
cellulose, concrete, cellulose-water and concrete-water matrices were studied. Matrix density parametric 
analysis was performed. Attachments 1 has the drawings of the MCNP model. Examples of MCNP input and 
output files are in Attachments 2 and 3 respectively. 

Air, Carbon Steel and Concrete Composition 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element weight 
fractions for carbon steel (Harmon C. D., II et al., 1993) used in the drum walls. Table 3 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 
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Weight Fraction 

0.000 124 

0.755267 

Element 

Iron (Fe) 

Carbon (C) 

Weight Fraction 

0.995 

0.005 

Atom densities for Plutonium-matrix mixtures. 

Element Weight Fraction 

Hydrogen (H) 0.0 10 

Oxygen (0) 0.532 

Sodium (Na) 0.029 

Aluminum (Al) 0.034 

Silicon (Si) 0.337 

Calcium (Ca) 0.044 

0.014 Iron (Fe) 

I ’  

Atom density is the number of atoms per unit volume and can be determined using equation 1 : 

, 

n ~ ;  N .-I P,% - -  m l N . ,  - 
A, x l x  - A,V,. x I x  10l3 - w!/ A,&. x l x  lozJ N I  = 

where 
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Element Atomic Weight 

Hydrogen (H) 1.00794 

Carbon (C) 1 2.0 I07 

Oxygen (0) 15.9994 
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A‘, = the atom density of the ith element, atoms/(barn.cm) 
p, = the density of the ith element, g/cm’ 

= the Avagadro’s number, 6.022 x 10” atoms/mol 
.4, = the atomic weight of the ith element, g/mol 
rn, = the mass of the ith element in the container volume, g 

w,, = the weight fraction of the ith element in a molecule of matrix j 
1 x 10’‘ = the conversion from barn to cm’ 

= the volume of the container (55 gallon drum or B-25 box), cm3 

The atomic weights of the elements used in the calculations are shown in Table 4. 
. .  

The molecular weight of cellulose (C,H,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ith element was found as a ratio of the ith element weight in the molecule 
to the molecular weight of this molecule. 

where . 

w,, = the weight fraction of ith element in a molecule of matrix j 
n, = the number of the ith elements in the jth molecule 
A ,  = the atomic weight of the ith element, g/mol 
A4, = the molecular weight the jIh molecule, g h o l  

4 
L-- 

Calculated weight fractions for cellulose are shown in Table 5 and weight fractions for concrete taken from 
Harmon C.  D., I1 et a]., 1993 are in Table 3. 



WVNS-NC>L-UUl 
REV. 0 

Element 

Hydrogen (H) 

Carbon (C) 

Oxygen (0) 
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Table 5. Cellulose Weight Fractions 

The mass of the matrix was calculated as : 
I 

where 
p, = the density of the ith element, gkm' 
V, = the volume of the container (55 gallon drum or B-25 box), cm' 
V,,, = the volume in the container occupied by Pu-239, cni3 
V,, = the volume in the container occupied by water, cm3 
f,. = the water volume fraction in the container 
j~,,~, = the density of the metal Plutonium, 19.78 g/cm3 
m,,,, = the mass of Pu-239 in the container volume, g 

'u 

The atom density of Pu-239 was calculated as: 

where 
N,,,, = the atom density of Pu-239, atoms/(barn-cm) 
AT,, = the Avagadro's number, 6.022 x IO" atoms/mol 
A,,,, = the atomic weight of Pu-239, g/mol 
m,,,, = the mass of Pu-239 in the container volume, g 

V, = the volume of the container ( 5 5  gallon drum or B-25 box), cm' 
1 x IO" = the conversion from barn to cm2 

In case the water is present in the homogenous mixture, the hydrogen and oxygen atom densities are 
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determined as a sum of atomic density of the element in water and matrix. The hydrogen and oxygen atom 
densities from water were calculated using equation 5 

where 
N , ,  = the atom density of the ifh element from water, atoms/(barn.cm) 
p,, = the density of the ifh element from water, g/cm' 
N ,  = the Avagadro's number,.6.022 x IO" atoms/mol 
A ,  = the atomic weight of the ith element, g/mol 
rn,, = the mass of the iih element in the container volume from water, g 
P', = the volume of the container (55 gallon drum or B-25 box), cm? 
w,,,, = the weight fraction of the ith element in a molecule of water 
p,, = the density of water, 1 gkm' 
j;, = the water volume fraction in the container 
1 x loz4 = the conversion from barn to cm' 

Water maximum density was assumed to be 1 g/cm', and concrete maximum density - 2.3 g/cm3 (Harmon C .  
D., [I et al., 1993). Cellulose maximum density was assumed to be equal to 0.9 g/cm-' (wood density, Lide D. 
R., 1991). The following tables provide the homogenous mixture compositions used in the analysis. 100% 
density means the maximum density of the matrix ( concrete, or cellulose, or water if water only used as a 
matrix), and 2040% density means the density corresponding to the appropriate percentage of the maximum 
density of the matrix. In case of the mixture with water used as a matrix, the density parametric analysis was 
performed on the cellulose or concrete density only, the amount of water in the container remained constant. 

Table 6. The composition of Pu-239 and water mixture in 55 gallon drum 

i--- 
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Element 

Na 
Al 

Atom Density, atoms/(barn.cm) 
20% density 40% density 1 60% density 80% density 100% density 
3.494 1 E-04 6.9883E-04 1.0482E-03 1.3977E-03 1.747 1 E-03 
3.4905E-04 6.98 10E-04 1.0472E-03 1.3962E-03 1.7453E-03 

Table 8. The composition of Pu-239 and concrete with 10% (volume} of water mixture in 55 gallon drum 

Si I 3.3237E-03 6.6475 E-03 9.97 12E-03 1.3295E-02 
Ca 3.041 1E-04 6.082 1E-04 9.1232E-04 1.2 164E-03 

Table 9. The composition of Pu-239 and concrete with 20% (volume) of water mixture in 55 gallon drum 

1.66 19E-02 
1.5205E-03 

Fe 6.9442E-05 1.3888E-04 2.0833E-04 2.7777E-04 I 3.4721E-04 
H 2.7482E-03 5.4963E-03 8.2445E-03 I 1.0993E-02 I 1.374 1E-02 
0 9.2 106E-03 1.842 1E-02 2.7632E-02 I 3.6842E-02 4.6053E-02 
Pu 2.3977E-06 2.3977E-06 2.3977E-06 2.3 977E-06 2.3977E-06 

L Total I 1.- -07 3.271 1E -02 4.906 6.5420E -03 8 . 1 7 m - 0 2  
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Element 

C 
H 
0 
Pu 

Total 

-uRs 

Atom Density, atoms/(barn.cm) 
20% density 40% density 60% density 80% density 100% densit- I1 
4.0 1 1 OE-03 8.022OE-03 1.2033E-02 1.6044E-02 2.0055E-02-4 
6.6850E-03 I .3370E-02 2.0055E-02 2.6740E-02 3.3425E-02 
3.3425E-03 6.6850E-03 1.0027E-02 1.3370E-02 1.67 12E-02 
2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 2.3 977E-06 
I .404 I E-02 3 8079~-02  2 4 3 USE-07 5.6156E-02 7.0 1958-02 

Job NO 30822-244-330 16856 Job: PSR-6 

Element Atom Density, atoms/( barn-cm) 
20% density 40% density 60% density 80% density 100% density 

C 3.2088E-03 6.4 175E-03 9.6263E-03 1.2835E-02 1.6044E-02 
H 1.8695E-02 2.4043E-02 2.939 1 E-02 3.4739E-02 4.0086E-0‘ 
0 9.3474E-03 1.202 1 E-02 1.4695E-02 1.7369E-02 2.0043E-02 -4’’ 

Pu 2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 ~ ~~~~~ 2.3 977E-06 
Total 3.125 3E-07 4 7484E-02 5.37 I SE-07 6.4945E-07 7.6 176E-07 
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Table 10. The composition of Pu-239 and concrete with 50% (volume) of water mixture in 55 gallon drum 

Table 12. The composition of Pu-239 and cellulose with 10% (volume) of water mixture in 55 gallon drum 
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Element Atom Density, atoms/(barn.cm) 1 

20% density 40% density 60% density 80% density 100% density 
C 2.0054E-03 4.0108E-03 6.0 162E-03 8.02 16E-03 1.0027E-02 
H I 3.6709E-02 4.0052E-02 I 4.3394E-02 4.6736E-02 5.0079E-02 
0 1.8355E-02 2.0026E-02 2.1697E-02 2.3368E-02 2.5039E-02 
Pu 2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 2.3977E-06 

1 Total 5.7072E-02 I 6.4091E -07 7.1 1 I QE-03 I 7.8 1?9E-07 X.5147E-02 I 
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, 
Inside Air outside IO% density water outside 50% density water outside 100% density water outside 
water 

density k,,, a kc,,..+ 20 k,,,. 6 kc,.+ 20 k,,, 0 kc,,.+ 20 k,,, . 0 kc,,..+ 20 
LiD 
I00 0.21 12 0.0001 0.2114 0.2102 0.0001 0.2104 0.2057 0.0001 0.2060 0.2016 0.00012 0.2019 
80 0.253 , 0.0001 I 0.2532 0.2509 0.0001 0.2512 0.2441 0.0002 0.2445 0.7370 0.00017 0.2373 

40 0.4129 0.0002 0.4134 I 0.4063 1 0.0002 I 0.4068 0.3831 0.0003 0.3836 0.3590 0.00027 0.3595 
60 0.3144 0.0002 0.3 147 i 0.31 1 1  0.0002 0.31 15 0.2985 0.0002 0.2989 0.2867 0.00020 0.2871 

5 

t 
b 

Results 
The results of the calculations performed using MCNP4A code are shown in the following tables and 
graphs. The tables provide the.Monte Carlo determined neutron multiplication factor (keJ values and their 
standard deviations (o), and the graphs plot the k,, +2 CY values for all studied cases. 

Figure 1. kCff +20 for Pu-239 mixtures with water inside the drums 

* air outside 
10% density water outside ! 
50% densitywater outside i 
100% density water outside I 

I 

0 20 40 60 80 100 

% of water full density inside the drum 
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k,,, 0 kCll.+ 20 

0.3822 0.0002 0.3826 
60 0.5145 0.0003 0.5152 
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kcl, o kc,,.+ 20 k,, 0 kc,.+ 20 k,,, 0 k,.,,.+ 20 

0.3764 0.0003 0.3769 0.3503 0.0003 0.3508 0.3261 0.0003 0.3267 
0.5018 0.0003 0.5025 0.4526 0.0003 0.4532 0.4020 0.0004 0.4028 

Client WVNS Subiect: Homoaeneous mixtures Chk’d. k2 Date 2/36 l u  4 

.7025 , 0.0007 10.7039 10.6905 

, Table 16. The neutron multiplication factor (keff) values and their standard deviations (0) for Pu-239 mixtures 
with dry concrete inside the drums 

0.0007 0.6918 1 0.6048 0.0005 0.6059 I 0.5053 0.0005 0 .5062 

oncrete 1 Air outside [ 10% density water outside I 50% density water outside I 100% density water outside11 

Figure 2. k,, +20 for Pu-239 mixtures with dry concrete inside the drums 

.. 

0.8000 

; 0.7000 
k *z 0.6000 
w .  
+ 0.5000 
F * 0.4000 

0.3000 

. . . _. -. 

0 20 40 60 80 100 

% of concrete full density 

Table 27. The neutron multiplication factor (keff) values and their standard deviations (G) for Pu-239 mixtures 
with concretemd 10% volume of water inside the drums 

oncrete I Air outside I 10% density water outside 1 50% density wateroutside I 100% density water outsidel] 
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Figure 3. kcfT +20 for Pu-239 mixtures with concrete and 10% volume of water inside the drums 

m 05000 . 

N 0.4500 

E 0.5500 < - 
.- . 
u) 

i 50% density water outside 

0,3000 - . - . ,-.. . ... ___. 
0.2500 I I ' 

0. 20 40 60 ao 100 

% of concrete full density 

Table 18. The neutron multiplication factor (kef,.) values and their standard deviations (0) for Pu-239 mixtures 
with concrete and 20% volume of water inside the drums 

Figure 4. kef?- +20 for Pu-239 mixtures with concrete and 20% volume of water inside the drums 

- 0.5000 m 5 0.4500 

0.4000 
.- 

+ 
f 0.3500 

0.3000 

J 

0.2500 I I 1 

0 20 40 60 80 100 

% of concrete full density 
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a 10% density water outside 
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100 O h  density water outside i I 
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Table 19. The neutron multiplication factor (kef,) values and their standard deviations (0) for Pu-239 mixtures 
with concrete and 50% volume of water inside the drums 

Figure 5. k,, +20 for Pu-239 mixtures with concrete and 50% volume of water inside the drums 

0.3400 

0.3200 
E 
u) 0.3000 
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0.2400 I I I 
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Table 20. The neutron multiplication factor (kef,) values and their standard deviations (0) for Pu-239 mixtures 
with dry cellulose inside the drums 
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Figure 6. k,, +20 for Pu-239 mixtures with dry cellulose inside the drums 
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U Table 2 I .  The neutron multiplication factor (kef+) values and their standard deviations (CJ) for Pu-239 mixtures 
with cellulose and 10% volume of water inside the drums 

Figure 7. ktff +20 for Pu-239 mixtures with cellulose and 10% volume of water inside the drums 
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Table 22. The neutron multiplication factor (kJ values and their standard deviations (CY) for Pu-239 mixtures 
with cellulose and 20% volume of water inside the drums 

- 

I(Ce1lulost: I Air outside I 10% density water outside 1 50% density water outside I. 100% density water outside11 

Cellulose Air outside 10% density water outside 50% density water outside 100% density water outside’ 
density . 
9 keff U ken*+ ken 0 kett.+ ken CY k,,.+ 20 ‘ k,, a ken-+ 

2 0  2 a  20 
100 0.2656 0.0002 0.2659 0.26359 0.00018 0.2640 0.25603 0.0002 e ‘0.2563 0.2489 0.0002 0.2492 
60 0.2962 0.0002 0.2965 0.2934 0.0001 0.2937 0.2830 0.0002 0.2833 0.2733 0.0002 0.2737 
20 0.3342 0.0002 0.3346 0.3306 0.0002 0.3309 0.3 I62 0.0002 0.3 166 0.302 I 0.0002 0.3025 

Figure 8. k,,  CY for Pu-239 mixtures with cellulose and 20% volume of water inside the drums 
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Attachment 1: MCNP model with surface and cell numbers 



WVNS-NCSE-001 
REV. 0 

~ ~ 

SUBJECT 

B 

Dames& Maore 



WVNS-NCSE-OO~ 
REV. 0 

FILE - 
SUBJECT 

x 

W 

b 

Dames & Moore 



c 

.. 
Attachment 2: MCNP input file 
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ld20010 
Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 
C The drum height is 35 1/12 inch (89.112 cm) 
c drum wall thickness is 0.157 cm 
C Cell cards 
C c _______________-________________________---------~---------------------- 
1 55 -1.82 5 -6 2 -3 imp:n=l $ drum wall 
2 1 7.0195e-2 -5 2 -3 imp:n=l S Pu-239 in cellulose matrix 
3 64 -1.0 -21 22 -23 24 -25 26 2 -3 6 imp:n=l $ water ouside the drum 
4 0  21 : -22 : 23 : -24 : 25 : -26 : -7 : 3 imp:n=O $ Outside world 
5 2 -2.3 -21 22 -23 24 -25 26 -2 7 imp:n=l S concrete floor 
c' 
C 
c Note: next line must be completely b1ar.k 

c Surface cards c ________________________________________-------------------------------- 
2 pz 0 5 drum bottom plane 
3 pz 356.448 $ drum top plane 
5 cz 28.418 $ 28.418 cm radius cylinder (internal wall of the drum) 
6 cz 28.575 $ 28.575 cm radius cylinder (external wall of the drum) 
7 PZ -300 S concrete bottom p'lane 

c hexagonal cell with reflecting surfaces outside the drum 
c (simulates infinite array of the drums) 
c beain the lattice surfaces 

C 

;21 - G - O ,  8660254 -0.5 0 28.575 
-22 p 0,8660254 -0.5 0 -28.575 
-23 p 0.8660254 0.5 0 28.575 
'24 p 0.8660254 0.5 0 -28.575 

- 2 6  py -28.575 
*25 py 28.575 

c end of lattice surfaces 
C c ____________________-- - - - - - - - - - - - - - - - -~- - - - - - - - - - - - -~- - - - - - - - - - - - - - - - - -_  
C 
c Note: next line must be completely blank 

c Data cards 
C 
c Materials 

c Pu-239 in celulose matrix (Elements: C, H. 0, Pu-239) 
ml 6000.50~ 2.0055e-2 

1001.50~ 3.3425e-2 
8 0 1 6 . 5 0 ~  1.6712e-2 

94239.55~ 2.3977e-6 

C 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticalitv Calculation with MCN?. A Primer. D .  C-4 
c (Elements: H, 0, Na. Si, A;, Ca, Fe) 
m2 1001.50C -0.010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.084 
26000.55~ -0.014 

c Water (H, 0 )  
m64 1001.50~ 0.666667 

8016.50~ 0.333333 
c Carbon Steel ( C ,  Fe) composition from Crit. Calc. with MCN? p. C-10 
m 6 5  6000.50~ - 0 , 0 0 5  

26000.55~ -0.995 
c 

mode n 
print 40 60 80 100 110 126 
kcode 4000 1. 20 120 
ksrc 0 0 178.224 

WVNS-NCSE-001 
REV. 0 

€age 1 



Attachment 3: MCNP output file 

WVNS-NCSE-001 
REV. 0 



lmcnp version 4a ld=10/01/93 11/11/00 11:15:43 
t * . * * * * . , * t t * * * * * * * ~ * * * ~ * ~ ~ " , , * * . ~ . ~ * , * * ~ ~ , . ~ ~ * * * . * ~ * * ~ * * ~ " * " . * * ~ ~ ~ ~ * ~ . * *  

name=ld20010 

1- 
2- 
3- 
4 -  
5 -  
6 -  
7 -  
R -  
9 -  

10- 
11- 
12- 
13- 
14 - 
15- 
1 6 -  
17-  
18- 
19- 
2 0 -  
21 - 
2 2 -  
23; 
24- 
25- 
2 6 -  
27 - 
2R- 
29- 
30- 
31- 
32- 
33- 
33- 
35- 
36- 
37 - 
38- 
39- 
4 0 -  
41- 
42- 
43- 
44- 
45- 
46- 
47- 
4 R -  
49- 
5 0 -  
51- 
5 2 -  
53- 
54- 
55- 
5 6 -  
51 - 
5R- 

Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 
C The drum height is 35 1/12 inch (89.112 cm) 
c drum wall thickness is 0.157 cm 
C Cell' cards 
C c _ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - . - - - - - - - - - - - - - - -  

1 65 -7.82 5 - 6  2 -3 imp:n=l $ drum wall 
2 17.0195e-2 -5 2 -3 imp:n=l 5 Pu-239 i n  cellulose matrix 
3 64 -1.0 -21 22 -23 24 -25 2 6  2 -3 6 imp:n=l S water ouside the drum 
4 0  21 : -22 : 23 : -24 : 25 : - 2 6  : -7 : 3 imp:n=O $ Outside world 
5 2 -2.3 -21 22 -23 24 -25 26 -2 7 imp:n=l $ concrete floor 
C __._____________________________________-------------.------------------ 

C 
c Note: next line must be completely blank 

c Surface cards c ._____-_____________~----------.---------------------------------------- 

2 pz 0 $ drum bottom plane 
3 pz 356.448 $ drum top plane 
5 cz 28.418 $ 28.418 cm radius cylinder (internal wall of the drum1 
6 cz 2R.575 $ 2R.575 cm radius cylinder (external wall of the drum) 
7 pz -300 S concrete bottom plane 
C 
c hexagonal cell with reflecting surfaces outside the drum 
c (simulates infinite array of the drums) 
c begin the lattice surfaces 
'21 p 0.6660254 -0.5 0 28.575 
122 p 0.8660254 -0.5 0 -28.575 

'24 p 0,8660254 0.5 0 -28.515 

-26 py -28.575 

'23 p 0,8660254 0.5 0 28.575 

'25 py 28.575 

c end of lattice surfaces 
C 

C 
c Note: next line must be completely blank 

c Data cards 

c Materials 

c Pu-239 in celulose matrix (Elements: C, H. 0, Pu-239) 
ml 6000.50~ 2.0055e-2 

1001.50~ 3.3425e-2 
8016.50~ 1.6712e-2 
94239.55~ 2.3977e-6 

C 

C 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p.  C-4 
c (Elements: H ,  0. N a ,  Si. A I ,  r a ,  ~ e )  
m2 1001.50~ -0 .010 

8016.50c -0.532 
11023.50~ -0.029 

14000.50C -0,337 
20000.50C -0.044 
26000.55~ -0.014 

13027.50~ -0.034 

c Water (H, 01 

probid = 11/11/00 11:15:43 

I 



C 
59- m64 1001.50~ 0.666667 
60- 8016.50C 0.333333 
61- c Carbon Steel (C, Fe) composition from Crit. Calc. with MCNP p. C-10 
62- m65 6 0 0 0 . 5 0 ~  -0.005 
6 3 -  26000.55C -0.995 
6 4 -  C 
65- mode n 
6 6 -  print 40 6 0  80 100 110 1 2 6  
67- kcode 4000 1. 20 120 
68 - ksrc 0 0 178.224 . 
69 - 

total fission nubar data are being used. 
lmaterial composition 

mat pr ia 1 
number component nuclide, atom fraction 

1 6000, 0.28571 1001. 0.47618 8016, 0.23808 94239, 0,00003 
7 1001. 0.16803 8016. 0.56324 11023, 0.02136 13027, 0,02134 

14000, 0.20319 20000, 0.01859 26000, 0.00425 
64 1001. 0.66667 8016, 0,33333 
65 6000. 0.02283 26000, 0.97717 

ma t.er ia 1 
number 

. I  
2 

64 
65 

1cnils 

cell 

1 1 
2 2  
3 3 
4 4  
5 5  

print table 40 

component nuclide, mass fraction 

6000, 0 . 4 4 9 0 6  1001. 0,06210 8016, 0.99278 94239, 0.00106 
1 0 0 1 .  0.01000 8016, 0.53200 11023, 0.02900 13027, 0.03400 

1001, 0.11191 8016, 0.88609 
6000. a.oo5oo 26000. 0.99500 

14000, 0.33700 20000, 0.04900 26000, 0.01400 

print table 60 

atom gram neukron 
mat density density volume mass pieces importance 

65 R.5R651E-02 7.820OOE+OO 1.00200E+04 7.83563Et04 1 1.0000EcOO 

64 1.00309E-01 1.00000E+OO 0.00000E+OO 0.00000Ei00 0 1.0000E+00 
0 0.00000Ec00 0.00000E+00 0.00OOOEc00 0.00000E+00 0 O.OOOOE+OO 
2 R.17913E-02 2.30000E+00 8 . 4 R 5 6 4 E ~ 0 5  1.95170E+06 0 1.0000E+00 

1 7.01950E-02 9.007798-01 9 . 0 4 3 4 3 E t O 5  8.14613€+05 1 1.0000E+00 

t o t a l  
lcross-section tables 

table length 

1153 
16136 
23669 
36270 
22891 
48275 
26104 
84136 
67551 

print table 100 

tables from file critvs 

total nu 

1 13011 
( 1306) 

I 1276) 
I 1 3 1 1 )  
( 1313) 
I 1314) 
( 1320) 
I 260) 

( 1399) 

79/07/31. 
79 /07 /3 1. 

79/06/21. 
79/09/08. 
79/06/21. 
79/06/22. 

05/ 1 4 / 8 1  

10/21/82 
02/21/65 

m 
1 
0 
0 
P 



totai 326175 

warning. neutron energy cutoff is belaw some cross-section tables. 

decimal words of dynamically allocated storage 

general 1 09'7 3 2 
tallies 0 
bank 6403 
cross sections 326175 

total 442310 

~ f f f t * t + t ~ ~ . . . f t ~ f ~ * ~ * * * ~ . . f * f ~ t ~ f . * * * ~ ~ f ~ t . ~ ~ * ~ t * ~  

dump no. 1 on file ld20010r nps = 0 

source distribution written to file ld20010s cycle = 0 

1 warning message so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 

nps 

1 
2 
3 
4 
5 
6 
7 
R 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
2A 
29 
30 

< 

0.000E+00 
0 .  OOOEtOO 
0.000E+00 
O.OOOE+OO 
0. OOOEtOO 
0. OOOEcOO 
0. OOOEtOO 
0.000Ec00 
0. OOOEtOO 
O.OOOE+OO 
0.000Et00 
0.000E+00 
0. OOOE+OO 
0.000Et00 
0. OOOE+OO 
0. O O O E + O O  
0.000E+00 
0. OOOEtOO 
0. OOOEtOO 
0,00OE+00 
O.OOOE+OO 
0. OOOEcOO 
O.OOOE+OO 
0.000Eb00 
0. OOOEtOO 
0. OOOEcOO 
0,00OE+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 

Y 

0 .OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0. OOOEcOO 
0.000E+00 
0. OOOEcOO 
0. OOOE+OO 
0. OOOEeOO 
O,000E+00 
O.OOOE+OO 
0. OOOEcOO 
0. OOOEtOO 
O.OOOE+OO 
O . O O O E + O O  
0.000E.eO0 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
0.000Ec00 
0.000E+00 
0.000E+00 
0.000E-tOO 
0 .  OOOEeOO 
O.OOOE+OO 
0. OOOEIOO 
0.000E+00 
0.000EtOi) 

1.782Ec02 
1.7828+02 
1.7A2E102 
1.782E+02 
1.782Et02 
1.782Ec02 
1.782Et02 
1.782E+02 
1.7R2Et02 
1.782E+02 
1.782E+02 
1.782E102 
1.782E+02 
1.782E+02 
1.782&+02 
1.782E+02 
1.782E+02 
1.782E+02 
1.782E+02 
1.782Ec02 
1.782E+02 
1.782E+02 
1.782Et02 
1.782E+02 
1.782E+02 
1.782Et02 
1.782Ec02 
1.782E+02 
1.782Ec02 
1.7R2Et02 

cell 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

s u r f  u V W 

0 5.0858-01 4 . 7 3 3 E - 0 1  7.193E-01 
0 8.952E-01 -4.4473-01 -2.944E-02 
0 -6.184E-01 -4,4958-01 6.446E-01 
0 9.710E-01 -5.665E-02 -2.323E-01 
0 5.861E-01 1.496E-01 -7.963E-01 
0 -6.489E-02 -1.626E-01 9.R45E-01 
0 -7.OhRE-02 3.2638-02 -9.9708-01 
O -3.9158-01 4.664E-01 -7.9328-01 
0 -2.36flE-01 9.215E-01 -3.079E-01 
0 1.9468-01 -3.204E-01 9.2713-01 
0 -6.6988-01 -7.177E-01 -1.905E-01 
0 -8.398E-01 -4.129E-01 3.524E-01 
0 -1.714E-01 -8.572E-01 4.857E-01 
0 -2.4893-01 -5.118E-01 -8.222E-01 
0 -2.959E-01 2.119E-01 9.314E-01 
0 1.395E-01 -9.829E-01 1.202E-01 
0 6.9093-01 -7.110E-01 1.307E-01 
0 -6.58OE-01 5.320E-01 -5.3298-01 
0 -9.903E-01 -1.38OE-01 1.353E-02 
0 7.462E-01 4.859E-01 -4.551E-01 
0 -1.977E-01 9.7978-01 3.360E-02 
0 -9.117E-01 -3.647E-01 -1.891E-01 
0 -9.2876-01 8.361E-01 -3.423E-01 
0 1.OROE-01 3.412E-01 -3.3383-01 
0 -9.111E-01 -9,0128-03 -4.122E-01 
0 -2.568E-01 -6.391E-01 -7.2498-01 
0 -2.912E-01 8.086E-01 5.113E-01 
0 1.472E-01 -9,5148-01 2.705E-01 
0 -6.135E-01 -7.6453-01 -1.978E-01 
0 -5.7023-01 5.651E-01 -5.963E-01 

energy 

2.209E+00 
4.904E+00 
3.809E-01 
1.331Ec00 
1.902E+00 
4.410E-01 
4.750E-01 
4.136E+OO 
7,4538-02 
3.128E100 
1.014E*00 
1.395E+OO 
7.748E-01 
l.lOlE+OO 
1.951E100 
2.186E+OO 
1.865Ec00 
1.229E+00 
1.305Et00 
1.000E+00 
3.990E100 
2.665E-01 
1.156E+00 
2.669Ec00 
2.185E100 
4.225Ec00 
1.079Et00 
3.461Ec00 
1.836E+00 
4.555E-01 

print table 110 

weight 

1.000Et00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
1. OOOEIOO 
l.OOOE+OO 
1.000Et00 
l.OOOE+OO 
1.000Et00 
1.000Et00 
1.000E+00 
l.OOOE+OC 
1. OOOEtOO 
1 .OOOE+OO 
1,00OE+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000Ec00 
1.000E+00 
l.OOOE+OO 
1 .OOOE+OO 
1.000Et00 
1.000E+00 
1. OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E+00 

time 

0. OOOEcOO 
0. OOOEtOO 
0. OOOEcOO 
0. OOOEtOO 
O.O00E+00 
0. OOOEcOO 
0. OOOEtOO 
0.000Et00 
0. OOOEtOO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000Ec00 
0.000Ei00 
0. OOOEcOO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000Et00 
0.000E+00 
0. OOOEtOO 
0.000E+00 

t: c . 



31 0.000Ec00 0.000E+00 1.782E+02 
32 0.000E+00 O.OOOE+OO 1.782E+02 
33 O.OOOE+OO 0.000E+00 1.7828+02 

35 O.OOOE+OO 0.000E+00 1.782E+02 
36 O.OOOE+OO O.OOOE+OO 1.782E102 
37 0.000Ec00 0.000E+00 1.7828+02 
38 O.OOOE+OO O.OOOE+OO 1.782E+02 
39 0.000E+00 0.000E+00 1.782Ec02 
40 0.000E+00 0.000E+00 1.7828+02 
41 0.000E+00 0.000E+00 1.782E+02 
42 0.000E+00 0.000E+00 1.782E+02 
43 0.000EtOO 0.000E+00 1.782E+O2 
43 0.000E+00 0.000E+00 1.7828+02 
45 0.000E+00 0.000E+00 1.7826+02 
46 O.OOOE+OO 0.000E+00 1.782Ec02 
47 O.OOOE+OO 0.000E+00 1.782E+02 
4 6  O.OOOE+OO 0.000E+00 1.782E+02 
49 0.000E+00 O.OOOE+OO 1.782E+02 
50 0.000Es00 0.000Er00 1.782€+02 

3 4  0. OOOE+OO 0 ,  OOOEcOO 1.782E4.02 

lzstimated kef€ results by cycle 

2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

7 

source distribution written to file ld20010s 

source distribution written to file ld2OOlOs 

s o u r c e  distribution written to file ld20010s 

source distribution written to file ld200iOs 

sou7ce distribution writ.ten to file ld20010s 

squrce distribution written to file ld2001Os 

0 -6.607E-01 5.373E-01 -5.242E-01 
0 -9.742E-02 -3.639E-01 -9.263E-01 
0 -1.965E-01 -3.145E-01 -9.287E-01 
0 4.097E-01 8.465E-01 -3.399E-01 
0 -4.048E-02 8.831E-01 4.675E-01 
0 3.371E-01 -9.269E-01 -1.652E-01 
0 -1.8678-01 9.3563-01 -1.155E-01 
0 -2.6168-01 2.3368-01 -9.365E-01 
0 9.780E-01 -7,6418-02 -1,939E-01 
0 2.580E-01 -7.076E-01 6.578E-01 
0 -3.2128-01 -7.678E-01 -5.543E-01 
0 5.0398-01 -1.460E-01 8.513E-01 
0 6.080E-01 5.487E-01 5.738E-01 
0 -2.9328-01 9.304E-01 -2.199E-01 
0 -8.475E-01 -3.993E-01 -3.497E-01 
0 1.200E-01 -9.195E-01 -3.743E-01 
0 7.085E-01 5.879E-01 3.904E-01 
0 4.261E-01 9.0468-01 9.254E-03 
0 5.431E-01 4.270E-01 -7.230E-01 
0 -1.053E-01 -9.805E-01 1.658E-01 

cycle = 20 

cycle = 23 

cycle = 26 

cycle = 29 

cycle = 32 

cycle = 35 

6.415E-01 

2.785E-01 
9.097E-01 
3.360E-01 
6.376E-01 
2.186E+00 
7.314E-01 
2.997E-01 
1.444E+00 
1.914E+00 
1.502Et00 
5.971E+00 
1.827E+00 
1.928E+00 
1.351EcOO 
2.288Et00 
1.230Et00 
1.433E+OO 

2.764E+00 

6.572E-01 

1 .OOOE+00 
l.OOOE+OO 
1.000E+00 
1. OOOEcOO 
1.000E+00 
1 .OOOE+OO 
1.000E+00 
1 ~ 000E+00 
1.000E+00 

1. OOOEcOO 
1.000E+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1. OOOEtOO 
1.000E+00 
1.000E+00 

1.000E+00 

print 

0.000E+00 
0.000E+00 
0 .  OOOEtOO 
0.000E+00 
0 .  OOOEcOO 

0.000E+00 
0.000Et00 

0.000E+00 

O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0,00OE+00 
O.OOOE+OO 
0. OOOEcOO 
O.O00E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0. OOOEcOO 
table 175 

* *  t r ~ t , t ~ t . * l t + * * * t * * * ~ * , * . ~ . * * ~ , * ~ ~ * * . . . * ~ . * . * , * * * * ~ * * ' * * * * ~ ~ * * * * * ~ * * , * * * ~ * * * * * * * , ~ * * ~ ~ * . ~ * * ~ * * * * ~ * " * * * * . ~ . ~ ~ * * ~ * * * * ~ +  

501150590 dump no. 2 on file ld20010r nps = 141131 coll = 26670803 ctm = 15.03 nrn = 

sovr(:t= distribution written to file l d 2 0 0 1 0 s  

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file id20010s 

source distribution written to file ld20010s 

source distribution written to file l d 2 O Q l O s  

soiirce dist.ribution written to file ld20010s 

sourc2 distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

3R 

41 

44 

41 

50 

53 

56 

59 

62 

6 5  

6R 

71 



I * * ~ , * * *  f * * . t * * t + t * * * * * ~ * . * * * , ~ * * * * , * * * ~ * , * * * + ~ . * * * * * * * * ~ , ~ * ~ ~ * . . ~ . ~ - . . . ~ ~ ~ . * " * * ~ ~ + * * * * * ~ * * * , + ~ * * * * * * * * ~ ~ . , ~ * * . * * ~ . ~ * * *  

dump no. 3 on file ld20010r nps = 284351 coll = 53526091 ctm = 30.18 nrn = 1005481443 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld200lOs 

estimator cycle 100 ave of 80 cycles 
k ( CCI 11 i I i o n  1 0.321637 ' 0,322656 0.0011 
k (absorption) 0.3 1 69 37 0.323004 0.0032 
k(trk length) 0.321700 0.322755 0,0011 
rem life(col) 2.7720E+04 2.8174Ei04 0.0023 
rem liEe(abs1 2.76R6E+04 2.8176Ec04 0.0020 
source points generated 3951 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

source distribution written to file ld20010s 

cycle = 74 

cycle = 77 

cycle = 80 

cycle = 83 

cycle = 86 

cycle = 89 

cycle = 92 

cycle = 95 

cycle = 98 

combination simple average combined average corr 
k(col/abs) 0.322830 0.0014 0.322721 0.0008 -0.4816 
klabsltk I n )  0.322879 0.0014 0.322803 0.0008 -0.4631 
k(tk ln/col) 0.322705 0.0011 0,322594 0.0011 0.9833 
k(col/abs/tk lnl 0.322805 0.0010 0.322671 0.0008 
life(col/abs) 2.8175E+04 0.0021 2.8178E+04 0.0020 0.9574 

cycle = 101 

cycle = 104 

cycle = 107 

r + + r r + r . + * r . r r r r r * r * ~ * * * * * * . * * . * * * ~ * * * * + ~ + . * * ~ * ~ ~ * + , * * * * * * * * * * * , * * ~ * ~ * * * * * * ~ ~ * * * ~ . ~ * * ~ * . . , ~ , ~ * * , ~ * * , * * * ~ * * * * * * * * * , * * * * *  

dump no. 4 on file ld20010r nps = 428361 coll = 80432555 ' ctm = 4 5 . 3 5  nrn = 1510775471 

source distribution written to file ld20010s cycle = 110 

source distribution written to file ld20010s cycle = 113 

estimator cycle 116 ave of 96 cycles combination simple average combined average corr 
k(col1ision) 0.329569 0.322566 0.0010 k(col/abs) 0.322507 0.0013 0.322543 0.0007 -0.4659 
k(absorption) 0.317048 0.322449 0.0028 k(abs/tk In) 0.322553 0.0013 0.322616 0.0007 -0.4535 
kltrk length) 0,329227 0.322656 0.0010 k(tk ln/col) 0.322611 0.0010 0.322530 0.0010 0.9836 
rem life(col1 2.9203E+04 2.8200E+04 0,0021 k(col/abs/tk I n )  0.322557 0.0009 0,322517 0.0007 
rem lifelabs) 2.90993+04 2.8196E+04 0,0019 lifelcol/abs) 2.8198E+04 0.0020 2.8193E+04 0.0018 0.9608 
source points generated 4125 

source distribution written to file ld20010s cycle = 116 

estimator cycle 117 ave of 97 cycles combination simple average combined average corr 
k:collision) 0.325173 0.322593 0.0010 klcol/abs) 0.322583 0.0013 0,322589 0.0007 -0.9482 
k(absorption1 0.334424 0.322573 0.0028 k(abs/tk In) 0.322630 0.0013 0.322665 0.0008 -0.4342 
k(trk length) 0,325665 0.322687 0.0010 k(tk ln/col) 0.322640 0.0010 0.322553 0.0010 0.9837 
rem lifelcoll 2.7999E+04 2.8198E+04 0.0021 k(col/abs/tk In) 0,322618 0.0009 0,322556 0.0007 
rem lifelabs) 2.82088+04 2.R196E+04 0.0018 lifelcol/abs) 2.8197E+04 0.0019 2.8195E+04 0.0018 0.9601 
source points generated 3979 



i c 
combination simple average 
k(collabs1 0 .322598  0 .0013  
k(abs/tk In1 0 .322645  0.0013 
kltk lnlcol) 0 . 3 2 2 6 5 8  0.0010 
k(col/abs/tk In1 0 .322633  0 .0009  
life(col/abs) 2.8203E+04 0 . 0 0 1 9  

combined average corr 
0 .322606  0 .0007  -0 .4466  
0 . 3 2 2 6 8 1  0 . 0 0 0 7  - 0 . 4 3 2 7  
0 .322572  0,0010 0 , 9 8 3 7  
0 .322574  0 . 0 0 0 7  

2 .82006+04  0.0018 0 . 9 6 0 5  

estimator cycle 1 1 8  ave of 9 8  cycles 
k(col1ision) 0 .324366  0 . 3 2  611 0.0010 
k(absorption1 0 .323787  0 .322585  0.0028 
k(trk length) 0 ,324369  0 . 3 2 2 7 0 4  0.0010 
rem lifelcoll 2.8782E+04 2 .82041+04  0 .0021  
rem life(abs) 2 .8749Ec04  2 . 8 2 0 2 E + 0 4  0.0018 
source points generated 4093 

estimator cycle 1 1 9  ave of 9 9  cycles 
kicollision) 0 .321740  0 . 3 2 2 6 0 2  0 . 0 0 0 9  
k iabsorption) 0 .325400  0 . 3 2 2 6 1 3  O . O O 2 f l  
k(trk length) 0 . 3 2 1 4 8 5  0 . 3 2 2 6 9 2  0.0010 
rem life(col1 2.8185E+04 2 .8204E+04  0 . 0 0 2 0  
rem life(abs1 2 .8440E+04  2 .8204E+04  O.OO1R 
source points generated 3830  

source distribution written to file ld20010s 

estimator cycle 1 2 0  ave of 100 cycles 
k (col lision) 0 .324269  0 . 3 2 2 6 1 9  0 . 0 0 0 9  
k(ahsorption1 0 .323167  0 . 3 2 2 6 1 9  0 . 0 0 2 7  
k(trk length) 0 . 3 2 4 7 1 8  0 . 3 2 2 7 1 2  0.0010 
rem life(col1 2 . 8 6 0 7 8 + 0 4  2.8208Ec04 0.0020 
rem life(abs1 2 .8657Et04  ' 2 . 8 2 0 9 E + 0 4  0.001R 
scurce points generated 4093  

source distribution written to file ld2001Os 
lproblem sununary 

combination simple average 
k (collabs) 0 .322608  0 . 0 0 1 2  
k(abs/tk In1 0 .322653  0 . 0 0 1 3  
kltk ln/coll 0 .322647  0.0010 
klcol/abs/tk In) 0 .322636  0.0009 
life(col/absl 2.8204E+04 0 . 0 0 1 9  

combined average corr 
0 .322604  0.0007 - 0 . 4 4 1 1  
0 .322677  0 . 0 0 0 7  - 0 , 4 3 3 4  
0 .322563  0 .0010  0 . 9 8 3 7  
0 .322573  0 . 0 0 0 1  

2 .8205E+04  0 .0018  0 , 9 5 9 2  

cycle = 1 1 9  

combination simple average 
klcol/abs) . 0 .322619  0.0012 
k(abs/tk In1 0 .322666  0 . 0 0 1 2  
k(tk ln/col) 0 . 3 2 2 6 6 6  0 . 0 0 0 9  
k(col/abs/tk In1 0.322650 0 . 0 0 0 9  
life(col/abs) 2 .8208E+04  0.0019 

combined average corr 
0 . 3 2 2 6 1 9  0 . 0 0 0 7  - 0 , 4 4 6 1  
0 .322694  0 .0007  - 0 , 4 3 2 1  
0 .322577  0 .0010  0 . 9 8 3 7  
0 .322585  0 . 0 0 0 7  

2 .R209Et04  0 .0017  0 . 9 5 9 3  

cycle = 1 2 0  

run terminated when 1 2 0  kcode cycles were done. 

Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 
t .  

0 
neutron creation tracks weight energy neutron l o s s  

(per source particle1 

11/11/00 3 2 : 0 6 : 0 9  
mobid = 1 1 / 1 1 / 0 0  1 1 : 1 5 : 4 3  c 

tracks 

2085 
0 
0 
0 
0 

474454 
0 
0 
0 
0 
0 
0 
2 
0 

476541  

weight [per source particle) energy 

source 476537 

0 
0 
0 
0 
0 
0 
0 
0 

4 
0 

476541  

1 . 0 0 7 3 E + 0 0  

0 .  
0 .  
1 . 7 1 3 5 E - 0 1  
0 .  
0 .  
0 .  
0. 
0. 

7 .5514E-06  
0.  
1 .1786E+00  

2.1090E+OO 

0 .  
0 .  
1.0363E-OR 
0 .  
0 .  
0 .  
0 .  
9.7R7flE-07 

5.8282E-06 
0 .  
2 .1090E+00  

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff . 
energy importance 
dx t ran 
forced collisions 
ex@. transform 
downscattering 
capture 
loss to (n,xnl 
loss  to f i s s i o n  

total 

3.2025E-03 
0 .  
0 .  
0 .  
0 .  
1 .7216E-01  
0 .  
0 .  
0 .  
0 .  
0 .  
8 .9064E-01  
3.7787E-06 
1 .1262E-01  
1 . 1 7 8 6 8 + 0 0  

2 .4399E-03  
0 .  
0 .  
0 .  
0 .  
1 . 1 0 9 4 E - 0 8  
0 .  
0 .  
0 .  
0 .  
2 .0865EcO0 
1 .9181E-02  
5 .0894E-05  
1.733903-04 
2 .1090E+00  

wi. i y h  t window 
cell importance 
weight cutoff 
cnergy importance 
clx t ran 
forced collisions 
exp.  transEorm 
upscattering 

(n.xn1 
f i ss i on 

total 

cutoffs 
tco 1 .0000E+34  
eco 0 . 0 0 0 0 E t 0 0  
WCl -5 .0000E-01  
wc2 -2 .5000E-01 

1 
0 
0 

24185 i n  history 155935  

number of neutrons banked 2 
neutron tracks per source particle 1.0000E~00 
neutron collisions per source particle 1 . 8 7 6 9 8 + 0 2  
total neutron collisions 89443586 
net multiplication 1 .0000E+00  0.0001 

coinputer time so far in this run 5 0 . 4 5  minutes 
computer time in mcrun 5 0 . 4 4  minutes 
source particles per minute 9 .4480Et03  
random numbers generated 1680032944 

average lifetime. shakes 
escape 1 .1323Ec04  
capture 2 .8323Et04  
capture or escape 2 .8269E+04  
any termination 3 .3326&+04  

maximum number ever in bank 
bank overflows to backup Eile 
field length 
most random numbers used was 

1 



range of sampled s'3"rce weights = 9 .4429B-01  to 2 .6560Et00  
lneutron activity in each cell print table 1 2 6  

tracks population collisions collisions number flux average average 
cell entering * weight weighted weighted track weight track mfp 

(per history) energy energy (relative) (cml 

1 1 2143775  294047 672054 7.6157E-01 6 .5811E-05  3 .18458-01  5 .9222E-01  1.7292EcOO 
2 2 1487487  476539 77322109 9 . 3 3 0 3 E t 0 1  6 .6192E-05  3 .30843-01  6 .2884E-01  1 . 7 3 8 0 E t 0 0  
3 3 1081676 287424 112R2712 1 . 2 5 2 6 8 + 0 1  4 .4671E-05  2.4739E-01 5 .7336E-01  9 , 2 0 5 6 8 - 0 1  
5 5  5414 2203 1 6 6 7 1 1  1 . 7 8 6 9 E - 0 1  3 .67923-05  1.9113E-01 5 .3837E-01  2 . 0 2 0 7 E t 0 0  

total 471R352 1060213 89443586  1 . 0 6 7 7 E t 0 2  
lkrff results for: Fu-239 i n  cellulose matrix. Infinite lattice of 55  gal. drums, 4 tiers probid = 11/11/00 1 1 : 1 5 : 4 3  

the initial fission neutron source distribution used the 1 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 20 cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 
this problem has run 2 0  inactive cycles with 76989 neutron histories and 100  active cycles with 399548 neutron histories. 

this calculation has completed,the requested number of keff cycles using a total of 476537 fission neutron source histories 
all cells with fissionable material were sampled and had fission neutron source points. 

the results of the w test €or normality applied to the individual collision, absorption, and track-length keff cycle values are: 

the kl collision1 cycle values appear normally distributed at the 9 5  percent confidence level 
the kfabsorption) cycle values appear normally distributed at the 95 percent confidence level 
the kltrk length) cycle values appear normally distributed at the 9 5  percent confidence level 

I I 
I I 
I I 
I I 

I the final estimated combined collision/absorption/track-length keff = 0 . 3 2 2 5 8  with an estimated standard deviation of 0 . 0 0 0 2 3  I 
I the estimated 6 8 .  95 .  h 99 percent kefE confidence intervals are 0 . 3 2 2 3 5  to 0 .32282 ,  0 . 3 2 2 1 2  to 0 , 3 2 3 0 5 ,  and 0 .32137  to 0 . 3 2 3 2 0  I 

I the estimated collision/absorption neutron removal lifetime = 2.R2E-04 seconds with an estimated standard deviation of 4 . 3 3 8 - 0 7  1 

the estimated average keffs. one standard deviations, and $ 8 ,  95. and 99 percent confidence intervals are: 

keff estimator kefE standard deviation 6 8 %  confidence 95% confidence 99% confidence corr 

collision 0 . 3 2 2 6 2  0 . 0 0 0 3 0  0 .32232  to 0 . 3 2 2 3 2  0 . 3 2 2 0 2  to 0 .32322  0 .32182  to 0 .32342  
absorption 0 . 3 2 2 6 2  0 . 0 0 0 8 9  0 .32173  to 0 . 3 2 3 5 1  0 .32085  to 0 .32438  0 .32028  to 0.32436 

track length 0 . 3 2 2 7 1  0 . 0 0 0 3 1  0.32240 to 0 . 3 2 3 0 2  0 .32209  to 0 . 3 2 3 3 3  0 . 3 2 1 8 9  to 0 .32354  
col/absorp 0 . 3 2 2 6 2  0.00023 0 .32239  to 0 . 3 2 2 8 5  0 .32216  to 0 , 3 2 3 0 7  0 .32202  to 0 .32322  - 0 . 4 4 6 1  
absitrk len 0 . 3 2 2 6 3  0 .00024  0 .32246  to 0 .32233  0 .32222  to 0 , 3 2 3 1 7  0 .32207  to 0 .32332  - 0 . 4 3 2 1  
col/trk len 0 . 3 2 2 5 8  0.00031 0 . 3 2 2 2 7  to 0 . 3 2 2 8 8  0 . 3 2 1 3 7  to 0 . 3 2 3 1 3  0 .32177  to 0 .32339  0 . 9 8 3 7  

col/abs/trk len 0 . 3 2 2 5 8  0 . 0 0 0 2 3  0 .32235  to 0.322R2 0 .32212  to 0 . 3 2 3 0 5  0 . 3 2 1 9 7  to 0 . 3 2 3 2 0  

if the largest of each keff occurred on the next cycle, the keff results and 68, 9 5 ,  and 99 percent confidence intervals would be: 

68% confidence 95% confidence 9 9 8  confidence kef€ estimator keff standard deviation 

collision 0 . 3 2 2 6 9  0 .00031  0 .32238  to 0 . 3 2 2 9 9  0.3220R to 0 . 3 2 3 3 0  0.321RR to 0 .32350  

I 
0 
0 
!-2 



absorption 0 . 3 2 2 8 1  0 . 0 0 0 9 0  0 . 3 2 1 9 1  to 0.32371 0 . 3 2 1 0 2  to 0 . 3 2 4 6 0  0 . 3 2 0 4 4  to 0 , 3 2 5 1 9  
track length 0 . 3 2 2 7 8  0 . 0 0 0 3 2  0 . 3 2 2 4 6  to 0 . 3 2 3 0 9  0 . 3 2 2 1 5  to 0 . 3 2 3 4 1  0 . 3 2 1 9 4  to 0 . 3 2 3 6 1  

col/abs/trk len 0 . 3 2 2 6 9  0 .00025 0 .32244 to 0 . 3 2 2 9 4  0 . 3 2 2 1 9  to 0.3231R 0 , 3 2 2 0 3  to 0.32334 

the estimated collision/absorption neutron lifetimes, one standard deviations, and 68, 9 5 ,  and 99 percent confidence intervals are: 

959. confidence 99% confidence type lifetime I sec 1 standard deviaticln 6RB confidence 

removal 3. 8209E-04 4 .9274E-07 2 .8160E-04 to 2.8259E-04 2 . 8 1 1 1 8 - 0 4  to 2.83088-04  2 .8079E-04 to 2.834OE-04 
, capture 2 . 8 2 9 2 3 - 0 4  3 .97658-07  2 .8252E-04 to 2.8332B-04 2 . 8 2 1 3 6 - 0 4  to 2.8371E-04 2 , 8 1 8 7 3 - 0 4  tO 2 . 8 3 9 7 8 - 0 4  
fission 2.81078-04  4 . 0 7 6 1 ~ 0 7  2 .80668-04  to 2.81488-04  2 .8026E-04 to 2.R188E-04 2 .7999E-04 to 2.8215E-04 
escape 1 . 1 7 9 1 8 - 0 4  4.R651E-06 1 . 1 3 0 4 E - 0 4  to 1.227RE-04 1 .0822E-04 to 1 . 2 7 6 0 8 - 0 4  1 .0505E-04 to 1 . 3 0 7 6 8 - 0 4  

laverage individual and combined collisiori/absorption/track-length keff results for 7 different batch sizes 

cycles per numbar of average keff estimators and deviations normality average k(c/a/t) k(c/'a/t) confidence intervals 
kef€ batch k batches klcol) s t  dev k(abs1 st dev kltrk) st dev co/ab/trk k(c/a/t) s t  dev 959. confidence 99% confidence 

1 100 I 0 . 3 2 2 6  0 . 0 0 0 3  
2 50 I 0 . 3 2 2 6  0 . 0 0 0 3  
1 0 . 3 2 2 6  0 . 0 0 0 3  
5 i; I 0 . 3 2 2 6  0 . 0 0 0 3  

1 0  10 1 0 . 3 2 2 6  0 . 0 0 0 3  
2 0  5 I 0 . 3 2 2 6  0 . 0 0 0 4  
2 5  4 I 0 . 3 2 2 6  0 . 0 0 0 4  

Iindividual and average k e f f  estimator 

kef f 
c y c l e  

' 1  

5 
6 
7 
R 
9 
10 

11 
1 2  
1 3  
14 
1 5  
1 6  
1 7  
18 
1 9  
2 0  

2 1  
22 
2 3  
2 4  
2 5  
26  
2 7  
2 8  
29  
3 0  

_ _ _ _ _ _  

_.__._ 

0 , 3 2 2 6  0 , 0 0 0 9  0 , 3 2 2 7  0 , 0 0 0 3  ( 9 5 / 9 5 / 9 5 )  0 . 3 2 2 5 8  0 , 0 0 0 2 3  0 . 3 2 2 1 2 - 0 . 3 2 3 0 5  0 , 3 2 1 9 7 - 0 . 3 2 3 2 0  
0 . 3 2 2 6  0.0008 0 , 3 2 2 7  0 , 0 0 0 3  1 9 5 / 9 5 / 9 5 )  0 . 3 2 2 5 9  0 , 0 0 0 2 6  0 . 3 2 2 0 7 - 0 . 3 2 3 1 2  0 . 3 2 1 8 9 - 0 . 3 2 3 3 0  
0 , 3 2 2 6  0.0009 0 . 3 2 2 7  0 , 0 0 0 3  1 9 5 / 9 5 / 9 5 1  0 . 3 2 2 6 8  0 , 0 0 0 2 9  0 . 3 2 2 0 8 - 0 . 3 2 3 2 8  0 . 3 2 1 8 6 - 0 . 3 2 3 5 0  
0 . 3 2 2 6  0,0009 0 , 3 2 2 7  0 . 0 0 0 3  ( 9 5 / 9 5 / 9 5 1  0 , 3 2 2 7 1  0 . 0 0 0 3 1  0 . 3 2 2 0 5 - 0 . 3 2 3 3 7  0 . 3 2 1 8 1 - 0 . 3 2 3 6 2  
0 , 3 2 2 6  0,0011 0 . 3 2 2 7  0 , 0 0 0 3  1 9 5 / 9 5 / 9 5 1  0 . 3 2 2 7 2  0 , 0 0 0 3 4  0 . 3 2 1 9 1 - 0 . 3 2 3 5 3  0 . 3 2 1 5 2 - 0 . 3 2 3 9 3  
0 . 3 2 2 6  0 , 0 0 1 4  0 . 3 2 2 7  0 .0004 1 9 5 / 9 5 / 9 5 (  0 . 3 2 1 8 3  0 . 0 0 0 6 9  0 . 3 1 8 8 9 - 0 . 3 2 4 7 8  0 , 3 1 5 0 3 - 0 . 3 2 8 6 3  
0 . 3 2 2 6  0 , 0 0 0 7  0 . 3 2 2 7  0 , 0 0 0 4  1 9 5 / 9 5 / 9 5 1  0 .318R6 0 . 0 0 0 8 6  0 . 3 0 7 9 9 - 0 . 3 2 9 7 3  0 , 2 6 4 4 2 - 0 . 3 7 3 3 1  
results by cycle 

neutron keff estimators by cycle ' average keff estimators and deviations average k(c/a/t) 
histories k(col1) k(abs) k(track) k(coll1 s t  dev k(abs) st dev kftrack) st dev klc/a/t) st dev fom 

4000 
1506 
3602 
3746 
3960 
3975 
3993 
4025 
4136 
4063 

._____-_--- 

1 0 . 3 7 0 6 2  
I 0 . 3 4 2 4 5  
I 0 . 3 2 6 1 0  
I 0.3231R 
I 0 . 3 2 6 1 0  
I 0 . 3 2 5 3 1  
I 0 . 3 2 7 1 3  
I 0 . 3 2 2 5 6  
I 0 . 3 2 7 2 4  
I 0 . 3 2 5 5 6  
-_____-_-. 

0 . 3 5 6 4 5  
0 . 3 3 0 7 0  
0 . 3 3 9 7 8  
0.3174R 
0 . 3 3 0 4 6  
0 . 3 2 9 2 7  
0 . 3 0 7 9 1  
0 . 3 3 2 8 5  
0 . 3 1 9 4 3  
0.32f391 

- - - - - - - - 

0. 370'73 
0 . 3 4 3 3 1  
0 .32574 
0 . 3 2 2 3 5  
0 . 3 2 6 2 3  
0 . 3 2 5 3 7  
0 . 3 2 6 4 4  
0 .3236R 
0 , 3 2 7 8 6  
0.325R1 

- - - - . - . 
1 0 9 5  I 0 . 3 2 3 2 8  0 . 3 2 9 4 4  0 . 3 2 3 4 7  I 
3959 I 0 . 3 2 3 8 9  0 . 3 2 8 0 1  0 . 3 2 4 0 4  I 
4005  I 0 . 3 2 6 0 5  0 . 3 1 4 9 4  0 . 3 2 5 8 9  I 
3978 I 0 , 3 2 2 3 6  0 , 3 2 3 0 6  0 , 3 2 2 9 3  1 
3928 I 0 . 3 2 4 8 6  0 . 3 4 5 0 2  0 . 3 2 5 4 9  I 
4057 I 0 . 3 2 2 5 0  0 , 3 3 3 9 9  0 . 3 2 2 1 7  I 
3852 I 0 . 3 2 5 2 2  0 . 3 1 9 8 2  0.3251R I 
4037 I 0 . 3 2 2 1 4  0 . 3 1 6 9 9  0 , 3 2 2 5 1  I 
4046 1 0 . 3 2 3 6 1  0 . 3 2 4 6 9  0 . 3 2 4 5 6  I 
4026 I 0.32R44 0 . 3 1 9 0 5  0 . 3 2 8 2 4  

4079 I 0 . 3 2 6 5 5  0 . 3 3 0 2 8  0 . 3 2 6 8 7  I 
3957 1 0 . 3 2 8 0 0  0 . 3 0 7 6 9  0 , 3 2 7 3 3  I 
3921 1 0 . 3 2 0 7 4  0 . 3 2 7 0 0  0 .32107 I 
3854 / 0 . 3 2 3 8 3  0 . 3 2 7 6 8  0 . 3 2 9 0 3  I 
4166 I 0.32372 0 . 3 1 5 0 0  0 . 3 2 3 6 8  I 
4032 I 0 . 3 2 7 0 0  0 . 3 2 9 8 9  0 , 3 2 6 9 6  1 
4127 I 0 . 3 2 0 7 5  0 . 3 3 0 9 2  0 . 3 2 0 9 6  1 
3880 I 0 . 3 2 3 6 7  0 . 3 2 5 6 5  0 , 3 2 3 7 5  I 
4022 I 0 . 3 2 4 3 1  0 . 3 1 7 8 1  0 . 3 2 4 2 8  1 
40R5 I 0 . 3 2 2 1 5  0 . 3 1 7 6 3  0 . 3 2 1 9 9  I 

. - - - . - - begin active keff cycles - - -  

0 . 3 2 7 2 8  0 . 0 0 0 7 2  
0 . 3 2 5 1 0  0 . 0 0 2 2 2  

0 . 3 2 4 5 7  0 . 0 0 1 2 6  
0 . 3 2 4 9 7  0 . 0 0 1 1 0  
0 . 3 2 4 3 7  0.00111 
0 . 3 2 4 2 8  0 . 0 0 0 9 7  
0 . 3 2 4 2 8  0 . 0 0 0 8 5  
0 . 3 2 4 0 7  0 . 0 0 0 7 9  

0 . 3 2 4 7 8  0 . 0 0 ~ 6 0  

- - - - _ - _ _ _ - _ _ - _ _ _ - _  

0.31R99 0 . 0 1 1 2 9  
0 . 3 2 1 6 6  0 . 0 0 7 0 5  
0 . 3 2 3 1 6  0 . 0 0 5 2 0  
0 . 3 2 1 5 3  0 , 0 0 4 3 5  
0 . 3 2 2 9 2  0 . 0 0 3 8 1  
0 .32407 0 , 0 0 3 4 2  
0 . 3 2 4 2 6  0 .00297 
0 . 3 2 3 5 5  0 . 0 0 2 7 1  
0 . 3 2 2 9 6  0.00250 

_-__________--_._. 

0 . 3 2 7 1 0  0 . 0 0 0 2 3  
0 . 3 2 5 0 9  0 . 0 0 2 0 1  
0 .32482 0 . 0 0 1 4 5  
0 . 3 2 4 6 0  0.00115 
0 . 3 2 4 9 9  0 . 0 0 1 0 2  
0 . 3 2 4 4 1  0 . 0 0 1 0 3  
0 . 3 2 4 3 3  0 . 0 0 0 9 0  
0 . 3 2 4 3 2  0 , 0 0 0 7 9  
0 . 3 2 4 0 9  0 . 0 0 0 7 5  

I 
I 1 0 . 3 2 1 4 9  0 , 0 0 3 7 0  
I 0 . 3 2 4 5 1  0.00268 
1 0 . 3 2 5 4 6  0.001211 
1 0 . 3 2 4 5 1  0 . 0 0 1 1 2  
I 0 . 3 2 4 4 5  0 . 0 0 0 9 4  
I 0 . 3 2 4 4 1  0 . 0 0 0 8 5  
1 0 . 3 2 4 0 3  0 . 0 0 0 8 2  

- - - _ _ _  

4470 
6908 

25202 
27968 
3 4 9 8 1  
38273 
36402 

0 2  
cl 
m 
m 
I 
0 
0 



42 3924 I 0.32285 0 ,31478 0 .32229 1 0.32348 0.00060 0 , 3 2 2 3 1  0 ,00179 0.32368 0 .00059 
43 3969 I 0 . 3 2 1 7 9  0 ,33448 0 . 3 2 1 8 2  0 .32341 0 .00058 0 ,32284 0.00179 0.32360 0 .00057 
44 3994 I 0 .32939 0 ,31663 0 . 3 2 9 0 7  1 0 .32366 0 . 0 0 0 6 1  0 . 3 2 2 5 8  0 .00173 0 ,32382 0.00059 
45 3995 1 0 . 3 2 4 6 7  0 , 3 2 3 5 1  0 . 3 2 4 5 7  I 0 .32370 0 .00058 0 . 3 2 2 6 1  0.00166 0 .32385 0 .00056 
46 3836 I 0 . 3 2 2 4 5  0 ,32405 0 .32308 1 0 .32365 0 .00056 0 , 3 2 2 6 7  0 .00160 0 .32382 0 .00054 
47 3 9 1 1  1 0 .32330 0 .32256 0 .32352 I 0 .32364 0 .00054 0 . 3 2 2 6 7  0 .00154 0 .32381 0 .00052 
48 3965 1 0 . 3 2 2 7 2  0 ,32533 0 .32259 I 0 ,32360 0 .00052 0 . 3 2 2 7 6  0 .00149 0.32377 0 . 0 0 0 5 1  

5 1  
52 
53 
54 
55 
56 
57 
5 8  
59  
60 

0 .32317 0 .00054 38771 
0 ,32324 0 .00050 42330 
0.32342 0 . 0 0 0 5 1  39200 . 
0,32347 0 . 0 0 0 4 9  41222 
0 .32345 0 .00048 41833 
0 ,32344 0 . 0 0 0 4 6  43264 
0 ,32343 0 .00044 46183 

4009 
3937 
4086 
3803 
4063 
3898 
3879 
3934 
3995 
3999 

6 1  
62 
63 
64 
65 
66  
67 
68 
69 
7 0  

7 1  
72 
73 
74 
75  
76  
77 
78  
79 
A 0  

- - - - - - - - 

8 1  
82 
83 
84 
85 
86 

4085 
4 1 2 1  
3 9 8 1  
3850 
3987 
4 0 4 1  
3958 
4039 
3948 
3998 

0 .31943 
0 . 3 2 7 7 6  
0 .31888 
0 .32419 
0 . 3 2 5 4 0  
0 . 3 1 6 5 0  
0 . 3 1 9 6 4  
0 . 3 2 1 7 5  
0 . 3 2 5 5 2  
0 . 3 2 7 4 1  

0 .32682 
0 . 3 2 3 9 8  
0 .31754 
0 . 3 1 8 7 0  
0 . 3 2 5 8 1  
0 .32142 
0 .32567 
0 .32349 
0 .32079 
0 . 3 1 8 6 3  

- - - - - - - - 

0 . 3 3 3 8 7  
0 .31375 
0 .33040 
0 . 3 0 7 6 9  
0 .30246 
0 .33075 
0 .31855 
0 .31816 
0 .31066 
0 . 3 1 2 3 7  

0 .32026 
0 . 3 2 9 1 1  
0.31876 
0 .32404 
0 .32523 
0 .31722 
0 . 3 1 9 7 0  
0 . 3 2 2 0 0  
0 . 3 2 5 5 0  
0 .32886 

0.31966 
0 . 3 2 7 7 6  
0 .33477 
0 .34226 
0 .31690 
0.32879 
0 .33191 
0 .32706 
0 , 3 2 8 8 7  
0 , 3 2 9 2 3  

0 .32800 
0 .32444 
0 . 3 1 6 9 7  
0 . 3 1 8 5 1  
0.32572 
0 . 3 2 0 8 4  
0 .32574 
0 . 3 2 3 4 6  
0 . 3 1 9 8 0  
0.31778 

I 0.32347 0 .00049 
0.32360 0 .00049 

1 0 .32346 0 .00050 
I 0.32348 0 .00048 
I 0.32354 0 .00047 
I 0.32334 0.00050 
I 0 .32324 0.00050 
I 0.32320 0.00048 
I 0 .32326 0 . 0 0 0 4 8  
I 0 .32336 0 .00048 

I 0 .32345 0 .00047 
[ 0.32346 0 . 0 0 0 4 6  
I 0.32332 0 . 0 0 0 4 7  
I 0 .32322 .0.00047 
1 0 . 3 2 3 2 8  0 .00046 
I 0.32324 0 .00046 
1 0 .32329 0 .00045 
I 0 .32329 0 .00044 
I 0.32324 0.00043 
1 0 .32315 0.00043 

0 . 3 2 2 6 6  0 .00154 
0 .32238 0 .00152 
0 . 3 2 2 6 2  0.00149 
0 . 3 2 2 1 8  0 . 0 0 1 5 1  
0 .32162 0 .00157 
0.32187 0 .00155 
0 . 3 2 1 7 8  0 .00151 
0 .32169 0 .00147 
0 . 3 2 1 4 1  0 .00146 
0 . 3 2 1 1 8  0.00144 

0 .32114 0 .00141 
0 . 3 2 1 3 0  0 .00138 
0 . 3 2 1 6 1  0.00139 
0 . 3 2 2 0 8  0.00143 
0 . 3 2 1 9 7  0 .00141 
0 . 3 2 2 1 2  0 .00138 
0 . 3 2 2 3 2  0.00137 
0 . 3 2 2 4 2  0 .00134 
0 .32256 0.00132 
0 . 3 2 2 6 9  0.00130 

0 .32361 0 .00047 
0 .32378 0 .00049 
0 .32363 0 . 0 0 0 5 0  
0.32364 0 .00048 
0 .32368 0.00047 
0 .32350 0 .00049 
0 .32340 0 .00049 
0 .32336 0 .00048 
0.32342 0 .00047 
0 .32355 0.00048 

0 .32366 0 .00048 
0 .32368 0 .00047 
0 .32353 0 . 0 0 0 4 8  
0 .32341 0.00048 
0 .32346 0 . 0 0 0 4 7  
0 .32341 0 .00047 
0.32346 0 . 0 0 0 4 6  
0.32346 0 . 0 0 0 4 5  
0 .32338 0 . 0 0 0 4 5  
0 .32327 0 . 0 0 0 4 5  

___ -_ -__ - - -_ -_ - - - -  

I 0 .32325 0 .00040 
I 0 . 3 2 3 2 4  0 .00040 
I 0 .32315 0 .00039 
1 0 . 3 2 3 1 0  0 . 0 0 0 3 8  
I 0 .32306 0 .00038 
I 0.32294 0 .00039 
I 0.32283 0 .00040 
I 0.32279 0 .00039 
1 0 .32278 0 .00038 
I 0.32278 0 .00038 i 0 .32278 0 .00038 

0 .32282 0.00037 
0 .32276 0 .00035 

1 0 . 3 2 2 8 0  0 .00034 
0 .32283 0 . 0 0 0 3 3  

I 0 .32285 0 .00032 i 0 .32295 0 .00033 
0 .32298 0 .00032 
0 .32299 0 . 0 0 0 3 1  

1 0 . 3 2 2 9 5  0.00030 

48718 
48623 
50464 
49753 

44596 
42616 
42490 
43064 
43258 

42694 
42986 
46645 
49287 
50068 
52526 
49677 
50633 
53387 
55080 

48896 

- - _ _ _ _  

4084 
3935 
4 0 5 1  
4082 
4096 
3842 
4137 
3959 
4108 
3922 

0 . 3 1 9 2 0  0 .32857 
0 . 3 1 9 2 6  0 .33666 
0 . 3 2 0 1 7  0 .33156 
0 . 3 2 1 7 8  0 .31220 
0 . 3 1 9 8 3  0 .33957 
0 . 3 2 8 4 7  0.31560 
0 . 3 2 2 8 1  0 .33319 
0 . 3 2 8 7 4  0 .31904 
0 . 3 2 4 5 0  0 .31369 
0 . 3 1 8 5 1  0 .34052 

0 . 3 1 9 2 9  
0.31972 
0 .31930 
0 . 3 2 2 0 9  
0 .32019 
0 . 3 2 7 8 8  
0 . 3 2 2 1 1  
0 . 3 2 8 8 6  
0 . 3 2 5 6 2  
0 .31844 

0 .32307 0 .00043 
0 .32300 0.00043 
0.32294 0 . 0 0 0 4 3  
0.32292 0 .00042 
0 .32287 0 . 0 0 0 4 1  
0 .32297 0 .00042 
0 .32296 0 . 0 0 0 4 1  
0 .32306 0 .00042 
0.32309 0 . 0 0 0 4 1  
0 .32301 0 . 0 0 0 4 1  

0 . 3 2 2 8 0  0 .0012 R 0,32319 0 ,00045 
0 .32307 0 .00129 0 .32312 0 .00045 
0.32323 0.00127 0 ,32305 0 .00044 
0.32303 0.00126 0 .32303 0 .00044 
0.32333 0 . 0 0 1 2 8  0 ,32298 0 .00043 
0 . 3 2 3 1 9  0 .00126 0 ,32307 0 .00043 
0 . 3 2 3 3 6  0 . 0 0 1 2 5  0 .32305 0 .00043 
0.32329 0.00123 0 .32315 0 .00043 
0 .32313 0.00122 0 ,32319 0 .00042 
0 .32342 0 ,00124 0,32312 0 .00042 

0 . 3 2 2 9 1  0 .00030 
0 .32290 0 .00029 
0 . 3 2 2 9 1  0 .00028 
0 . 3 2 2 8 5  0.00029 
0 . 3 2 2 8 6  0 . 0 0 0 2 8  
0 . 3 2 2 9 4  0 .00028 
0 .32299 0 .00028 
0.32305 0.00028 
0 .32304 0 . 0 0 0 2 8  

0 .32304 0 .00027 

55328 
56210 
58097 
56071 
56808 
5 5 4 6 1  
55484 
53465 
5 3 5 0 1  

54493 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3868 1 0 . 3 2 0 2 4  0,32154 0 .32020 I 0.32297 0 . 0 0 0 4 1  0.32339 0 .00122 0 ,32307 0 .00042 I 0 .32299 0 .00027 54167 
4036 1 0 . 3 2 2 7 5  0 .33629 0 . 3 2 1 8 8  [ 0 .32296 0 .00040 0.32359 0 . 0 0 1 2 1  0 ,32305 0 .00041 I 0 .32305 0 .00027 53726 
3998 1 0 . 3 2 1 1 3  0 .33076 0 .32137 I 0.32293 0 .00039 0 . 3 2 3 7 1  0 .00120 0 .32302 0 . 0 0 0 4 1  I 0.32305 0.00027 54473 
4 0 6 1  I 0 . 3 2 4 5 3  0 ,32499 0 .32449 1 0 .32296 0 .00039 0 ,32373 0 .00118 0 .32304 0 . 0 0 0 4 0  I 0 .32308 0 .00027 54898 
3992 I 0 . 3 1 7 9 9  0 .32077 0 . 3 1 8 2 1  I 0 .32288 0 .00039 0.32368 0.00116 0 .32297 0 .00040 I 0 . 3 2 3 0 1  0 .00027 51632 
3852 I 0 . 3 2 2 0 9  0.33746 0 . 3 2 2 0 6  1 0 .32287 0 .00038 0 . 3 2 3 9 9  0 . 0 0 1 1 7  0 .32296 0 . 0 0 0 4 0  I 0.32304 0 .00027 51545 



(.’ f 
Y 

87 
88 
89  
90  

9 1  
92 
93 
94 
95 
96  
97 
98  
99 
100 

1 0 1  
102 
103 
104 
105 
106 
107 
1 0 8  
109 
110 

111 
112 
1 1 3  
1.14 
115 
116 
117 
1 1 R  
119 
120 

- - - - - - - 

4019 0.32037 
3966 I 0.32207 
3876 I 0 .32280 
4022 1 0,32170 

3988 1 0 . 3 2 4 5 1  
4005 I 0 .32087 
3976 I 0 .32448 
3959 I 0 . 3 2 4 4 4  
4090 I 0 .31552 
3887 1 0 .31787 
4084 1 0 . 3 2 1 0 7  
4136 0 .32265 
3968 I 0 .32303 
3939 I 0 .32164 

_ _ _ _ _ _ _ _ _ _ _ - - - - - -  

3 9 5 1  I 0 . 3 2 4 4 1  
4032 I 0 .31988 
3944 I 0.32418 
4069 I 0 . 3 2 2 4 3  
1064 1 0 .32105 
4060 I 0 . 3 2 3 1 0  
4049 1 0 .32118 
3922 I 0 .31828 
4028 I 0 .32145 
4 1 1 6  1 0 . 3 2 0 3 1  

_ _ _ _ _ _ _ _ _ _ _ - - - - - -  
3989 
3910 
4035 
4236 
3930 
3905 
4125 
3979 
4093 
3 R 3 0  

0 .32707 
0.31146 
0.33102 
0.31243 

0 . 3 1 3 4 5  
0 .31337 
0 . 3 2 0 1 1  
0 .31382 
0 . 3 1 8 3 8  
0 . 3 3 0 3 0  
0 .32419 
0 . 3 1 2 6 1  
0 .31829 
0 .31694 

0 . 3 2 0 4 6  
0 . 3 2 5 1 5  
0 . 3 1 2 6 4  
0 .32634 
0 .33049 
0 . 3 1 4 3 8  
0 . 3 1 4 3 5  
0 . 3 2 7 4 3  
0 . 3 1 2 5 6  
0 .31882 

- - - - - - - - -. 

- - - - - - - - - . 

0.31973 0 . 3 2 9 9 6  
0 . 3 1 7 4 9  0 .32676 
0 .32776 0 . 3 1 3 0 1  
0 .32119 0 .31736 
0 .32186 0 .30807 
0 .32957 0 , 3 1 7 0 5  
0 , 3 2 5 1 7  0 . 3 3 4 4 2  
0 .32437 0 .32379 
0.32174 0 . 3 2 5 4 0  
0 .32427 0 . 3 2 3 1 7  

0 . 3 1 9 1 5  
0 . 3 2 1 5 6  
0 .32377 
0 . 3 2 1 5 0  

0 . 3 2 5 1 5  
0 . 3 2 0 3 8  
0.32493 
0 .32518 
0 . 3 1 5 5 8  
0 .31828 
0.32123 
0 .32354 
0 .32328 
0 .32170 

. - - - - - - - - 

. _ - - - - - - - 

1 0.32283 0 . 0 0 0 3 8  
I 0.32282 0.00038 
1 0.32282 0 .00037 
1 0 .32281 0 . 0 0 0 3 6  

I 0.32283 0 .00036 
1 0 .32280 0 . 0 0 0 3 6  
I 0.32283 0 . 0 0 0 3 5  
I 0 .32285 0 . 0 0 0 3 5  
I 0 .32275 0 . 0 0 0 3 6  

0.32269 0 . 0 0 0 3 6  
0 .32266 0 . 0 0 0 3 5  
0 .32266 0 .00035 

I 0.32267 0 . 0 0 0 3 5  
I 0 . 3 2 2 6 6  0.00034 

_ _ _ - _ _ - _ _ _ _ _ _ _ _ _ _ - - -  

0 .32517 
0 .31932 
0.32442 
0 .32202 
0 . 3 2 1 0 6  
0 .32303 
0 .32072 
0.31859 
0.32292 
0 .32082 
. - - - - - - - - - 
0 . 3 1 9 6 9 .  
0 . 3 1 7 5 4  
0.32726 
0 .32117 
0 . 3 2 1 6 8  
0 .32923 
0 .32566 
0 .32437 
0.32149 
0 .32472 

0 .32394 0.00115 
0 . 3 2 3 7 6  0 .00115 
0 .32386 0 .00113 
0 . 3 2 3 7 0  0.00113 

0.32355 0 .00112 
0 . 3 2 3 4 1  0 .00112 
0 , 3 2 3 3 7  0.00110 
0 .32324 0 .00109 
0 . 3 2 3 1 7  0.00108 
0 ,32327 0.00107 
0.32328 0 . 0 0 1 0 6  
0 .32314 0.00105 
0 ,32308 0 .00104 
0 .32300 0 . 0 0 1 0 3  

0 .32268 0 .00034 
0 . 3 2 2 6 4  0 .00034 
0 .32266 0 . 0 0 0 3 3  
0 . 3 2 2 6 6  0 .00033 
0.32264 0 . 0 0 0 3 2  
0 . 3 2 2 6 5  0 .00032 
0.32263 0 . 0 0 0 3 2  
0 .32258 0.00032 
0 . 3 2 2 5 7  0 . 0 0 0 3 1  
0 . 3 2 2 5 4  0 . 0 0 0 3 1  

_ _ _ _ - _ _ _ - _ _ - _ _ _ - _ _ -  

0.32297 0 . 0 0 1 0 2  
0 . 3 2 3 0 0  0 . 0 0 1 0 1  
0 .32287 0 .00100 
0 .32292 0 .00099 
0 .32300 0 .00098 
0 .32290 0 . 0 0 0 9 8  
0 . 3 2 2 8 1  0 .00097 
0 .32286 0 . 0 0 0 9 6  
0.32274 0 .00096 
0 .32270 0 .00095 

_ _ _ _ _ _ _ _ _ - - - - _ _ _ _  
0 . 3 2 2 5 1  0 . 0 0 0 3 1  0 .32278 0 .00094 
0 .32246 0 . 0 0 0 3 1  0 .32282 0 .00093 
0 .32251 0 . 0 0 0 3 1  0 ,32272 0 .00093 
0 .32250 0 . 0 0 0 3 1  0 .32266 0 .00092 
0 . 3 2 2 4 9  0 . 0 0 0 3 1  0 . 3 2 2 5 1  0.00092 
0.32257 0 . 0 0 0 3 1  0.32245 0 . 0 0 0 9 1  
0.32259 0 ,00031 0 ,32257 0 .00091 
0 . 3 2 2 6 1  0 . 0 0 0 3 1  0 .32258 0 .00090 
0 . 3 2 2 6 0  0 . 0 0 0 3 0  0 , 3 2 2 6 1  0.00090 
0 .32262 0 .00030 0 .32262 0 .00089 

0 . 3 2 2 9 0  0.00040 
0 . 3 2 2 8 8  0 .00039 
0 .32289 0 .00038 
0 .32287 0 .00038 

0 . 3 2 2 9 1  0 .00038 
0 .32287 0,00037 
0 .32290 0 .00037 
0 .32293 0 .00036 
0 .32283 0 . 0 0 0 3 7  
0 .32277 0 .00037 
0 .32275 0 .00037 
0 .32276 0 .00036 
0 .32277 0 ,00036 
0 .32275 0 . 0 0 0 3 5  

_ _ - _ _ - _ _ _ _ _ _ - _ _ _ _  

0.32278 0 .00035 
0 .32274 0 . 0 0 0 3 5  
0 . 3 2 2 7 6  0 .00035 
0 . 3 2 2 7 5  0 . 0 0 0 3 4  
0 .32273 0 .00034 
0 .32274 0 . 0 0 0 3 3  
0 . 3 2 2 7 1  0 . 0 0 0 3 3  
0 . 3 2 2 6 7  0 . 0 0 0 3 3  
0 .32267 0.00033 
0 . 3 2 2 6 5  0 ,00032 

0 .32302 0 .00026 
0 . 3 2 2 9 7  0 . 0 0 0 2 6  
0 .32298 0 .00026 

I 0 .32294 0 . 0 0 0 2 6  

I 0 . 3 2 2 9 2  0 .00026 
I 0.32287 0 . 0 0 0 2 6  
I 0 .32288 0 . 0 0 0 2 5  
1 0 .32287 0 . 0 0 0 2 5  
I 0.32278 0 . 0 0 0 2 6  

0 .32275 0 .00026 
0 .32273 0 . 0 0 0 2 6  
0 . 3 2 2 7 0  0 .00026 

I 0 . 3 2 2 7 0  0 . 0 0 0 2 6  
1 0.32267 0 . 0 0 0 2 5  

0 .32262 0 ,00032 
0 .32256 0 ,00032 
0 . 3 2 2 6 1  0 .00032 
0 . 3 2 2 6 0  0.00032 
0 .32259 0 .00032 
0 . 3 2 2 6 6  0.00032 
0.32269 0 .00032 
0 . 3 2 2 7 0  0 , 0 0 0 3 2  
0.32269 0 , 0 0 0 3 1  
0 . 3 2 2 7 1  0 . 0 0 0 3 1  

1 0 .32268 0 . 0 0 0 2 5  
I 0 . 3 2 2 6 6  0 . 0 0 0 2 5  
1 .0.32265 0 . 0 0 0 2 5  
I 0 . 3 2 2 6 6  0 .00024 i 0 .32266 0 .00024 

0 .32264 0 .00024 
0 . 3 2 2 6 1  0 .00024 

I 0 .32258 0 .00024 
I 0 . 3 2 2 5 6  0 .00024 
I 0.32253 0 .00024 

0 .32252 0 .00024 
0 . 3 2 2 4 8  0.00024 
0 . 3 2 2 5 2  0.00023 
0 . 3 2 2 5 0  0 .00023 
0 . 3 2 2 4 6  0 .00023 
0 .32252 0 .00024 
0 .32256 0 .00024 
0.32257 0 . 0 0 0 2 4  
0.32257 0 .00023 
0 .32258 0 . 0 0 0 2 3  

______________-___. 

52656 
52435 
52797 
52284 

52852 
52186 
52809 
53284 
4721‘5 
4 6 7 3 1  
47141 
46807 
47329 
47496 

- - - - - - - - - 

_ - - - - - - _ - 
47850 
48405 
48916 
49605 
50188 
50696 
50710 
50222 
48983 
4R541 

49011 
48294 
48327 
48420 
47987 
46296 
45011 
45248 
45799 
46028 

___.__ 

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0 , 3 2 9 5 7  on cycle 116  collision 0.31552 on cycle 95 
absorption 0.34226 on cycle 64 absorption 0 . 3 0 2 4 6  on cycle 55 

track length 0.32923 on cycle 1 1 6  track length 0.31558 on cycle 95 
I p l o t  of the estimated col/abs/track-length keff one standafd deviation interval versus cycle number ( 1  = € i n a l  keff = 0 .322581 

cycle 
number 

26 
27  
28  
29 
30  
3 1  
32 
33 
34 
35  
36  
37  
38  

active 0 . 3 2 2  
cycles I - - - - - - - -  

6 1  
7 1  
8 1  
9 

1 0  
11 
12 
1 3  
14 

327 



3 9  
40 
4 1  
42 
43  
44 
4 5  
4 6  
47  
4 8  
4 9  
50 
51 
52 
5 3  
5 4  
5 5  
5 6  
5 7  
58 
5 9  
6 0  
6 1  - 
62 
6 3  
64 
65  
6 6  
6 7  
6 8  
6 9  
7 0  
71  
7 2  
7 3  
74  
7 5  
76  
7 7  
7 8  
7 9  
80 
8 1  
A2 
8 3  
A4 
85 
86  
8 7  
88 
89  
9 0  
9 1  
9 2  
93 
94 
9 5  
9 6  
97 
98  
9 9  

100 

19 I 
2 0  I 

22 
2 3  I 
2 5  + 

2 1  I 

24 I 
26  I 
27 I 
2 8  I 
29  I 
30  I 
3 1  I 
32 I 
3 3  I 
34  I 
3 6  I 
37 I 
38 I 
39  I 
40 I 
4 1  I 
42 I 
43  I 
44 I 
46 I 
47 I 
48  I 
49  I 
5 0  I 

53 I 
54 I 

3 5  + 

4 5  + 

:: I 
55  + 

59 ii I 
60 1 
6 1  I 
62 I 
6 3  I 
64 I 
65 + 
6 6  I 
67 . 1 
E 1 
70 I 
71 I 
7 2  I 
7 3  I 
74 I 

7 6  I 
7 7  I 
78 I 
7 9  I 
80 I 

7 5  + 

1-  
I - -  
[ - -  
I - -  
I- 
( -  
( -  

( 
( 

I 
1 -  
( -  

I - -  
( - -  
I - -  

+ 

+ 

+ 

+ 

o z  
n .. 
v, 

I 
0 
0 

m 

P 



101 
102 
103 
104 
105 
106 
107 
108 
109 
110 
111 
112 
113 
114 
115 

skip active 
cycles cycles 

0 120 
1 119 
2 118 

. 3 117 
4 116 
5 115 
6 114 
7 113 
8 112 
9 111 
10 110 

1 1  109 
17 108 
13 107 
14 106 
15 105 
16 104 
17 103 
18 102 
19 101 
20 100' 

22 98 
24 96 
26 94 
28 92 
30 90 
32 RR 
34 86 
36 84 
3 8  R2 
40 R O  

_ _ _ _ _ _ - _ _ _ _ - _  

active average keff estimators and deviations 
neutrons klcoll s t  dev k(abs1 st dev k(trk) st dev 

4765371 0.3235 0.0005 
4725371 0.3231 0.0003 
471031) 0.3229 0.0003 
4674291 0.3229 0.0003 
4636831 0.3229 0.0003 
4597231 0.3229 0.0003 
4557481 0.3229 0.0003 
4517551 0.3228 0.0003 
4477301 0.3228 0.0003 
4435941 0.3228 0.0003 
4395311 0.3228 0.0003 

_._-____----______-_____ 

435436 
431477 
427472 
423494 
419566 
415509 
411657 
407620 
403574 
399548 

391512 
383737 
375539 
367532 
359425 
351428 
343487 
335406 
327378 
319531 

_-  - - - _ - _  

0.3228 0.0003 
0.3228 0.0003 
0.3227 0.0003 
0.3227 0.0003 
0.3227 0.0003 
0.3227 0.0003 
0.3227 0.0003 
0.3227 0.0003 
0.3227 0.0003 
0.3226 0,0003 

0.3225 0.0003 
0.3225 0.0003 
0.3225 0.0003 
0.3225 0.0003 
0.3225 0,0003 
0.3225 0.0003 
0.3224 0.0003 
0.3224 0.0003 
0.3223 0.0003 
0.3223 0.0003 

0.3224 0.0003 

- - - - - - _ _ - _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.3234 0.0009 
0.3231 0.0008 
0.3231 0.0008 
0.3229 0.0008 
0.3230 0.0008 
0.3229 0.0008 
0.3229 0.0008 
0.3230 0.0008 
0.3229 0.0008 
0.3229 0.0008 
0.3229 0.0008 

_ _ - _ _ - - - - - _ _ _ _ -  
0.3228 0.0009 
0.3238 0.0009 
0.3228 0.0009 
0.3228 0.0009 
0.3226 0.000.9 
0.3225 0.0009 
0.3225 0.0009 
0.3226 0.0009 
0.3226 0.0009 
0.3226 0.0009 

0.3227 0.0009 
0.3226 0.0009 
0.3226 0.0009 
0.3225 0.0009 
0.3226 0.0009 
0.3226 0.0009 
0.3226 0.0010 
0.3226 0.0010 
0.3227 0.0010 
0.3225 0.0010 

0.3227 0.0010 
_ _ - _ _ _ _ _ _ - _ _ _ _ _  

0.3236 0.0005 
0.3232 0.0003 
0.3230 0.0003 
0.3230 0.0003 
0.3230 0.0003 
0.3230 0.0003 
0.3230 0.0003 
0.3229 0.0003 
0.3229 0.0003 
0.3229 0.0003 
0.3229 0.0003 _ _ _ _ _ _ _ _ - - _ _ _ _ _  
0.3229 0.0003 
0.3229 0.0003 
0.3228 0.0003 
0.3228 0.0003 
0.3228 0.0003 
0,3228 0.0003 
0,3228 0,0003 
0.3228 0.0003 
0.3228 0.0003 
0.3227 0.0003 

normality average k(c/a/t) k(c/a/t) confidence intervals 
co/ab/tl k(c/a/tl st dev 95% confidence 99'); confidence 

no/95/nol 0,32340 0.00046 
no/95/nol 0,32304 0.00027 
95/95/95) 0.32293 0.00022 
95/95/951 0.32287 0.00022 
95/95/95) 0.32288 0.00022 
95/95/951 0.32284 0.00022 
95/95/951 0.32281 0.00022 
95/95/951 0.32280 0.00022 
95/95/951 0.32280 0.00022 
95/95/95( 0.32277 0.00022 
95/95/95) 0.32275 0.00022 
_ _ _ _ _ _ _ _ - _ _ _ _ - _ - _ _ _ _ - - - - ~ - ~  
95/95/951 
95/95/951 
95/95/951 
95/95/95) 
35/95/951 
95/95/95 

95/95/951 
35/95/951 
35/45/95( 

95/95/951 

0.32273 0.00023 
0.32272 0.00023 
0.32270 0.00023 
0.32270 0.00023 
0.32266 0.00023 
0.32264 0.00023 
0.32262 0.00023 
0.32269 0.00023 
0.32263 0.00023 
0.32258 0.00023 

0.3226 0.0003 
0,3226 0.0003 
0,3226 0.0003 
0.3226 O.OOQ3 
0.3226 0.0003 
0.3225 0.0003 
0.. 3225 0.0003 
0.3225 0.0003 
0.3224 0.0003 
0.3224 0.0004 

0.3224 0.0004 
. - - - - - - - - - - - - -. 

0.32252 0.00023 
0.32251 0.00023 
0.32245 0.00023 
0.32244 0.00024 
0.32244 0.00024 
0.32244 0.00025 
0.32243 0.00025 
0.32239 0.00026 
0.32234 0.00026 
0.32236 0.00026 

0.32242 0.00026 

0.32248-0.32433 
0.32251-0.32357 
0.32249-0.32337 
0.32244-0.32331 
0.32243-0.32332 
0.32240-0.32328 
0.32237-0.32326 
0.32236-0.32325 
0.32235-0.32324 
0.32233-0.32322 
0.32230-0.32319 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0.32228-0.32318 
0.32226-0.32317 
0.32224-0.32316 
0.32224-0.32317 
0.32221-0.32311 
0.32218-0.32309 
0.32216-0.32308 
0.32218-0.32310 
0.32217-0.32309 
0.32212-0.32305 

____--_____---_-- .  
0.32206-0.32298 
0.32204-0.32297 
0.32199-0.32292 
0.32196-0.32291 
0.32196-0.32292 
0.32195-0.32293 
0.32193-0.32294 
0.32188-0.32290 
0.32182-0.32285 
0.32183-0.32288 

0.32189-0.32294 
_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  

0.32218-0.32463 
0.32233-0.32374 
0.32234-0.32352 
0.32229-0.32345 
0.32229-0.32346 
0.32226-0.32343 
0.32223-0.32340 
0.32221-0.32339 
0.32220-0,32339 
0.32218-0.32337 
0.32215-0.32334 

- - - _ - - _ - _ _ _ _ _ _ - _  
0.32214-0.32333 
0.32211-0.32332 
0.32210-0.32331 
0.32209-0.32332 
0.32206-0.32326 
0.32204-0.32324 
0.32201-0.32323 
0.32202-0.32325 
0.32201-0.32324 
0.32197-0.32320 

0.32191-0.32313 
0.32189-0.32312 
0.32184-0.32307 
0.32181-0.32306 
0.32180-0.32308 
0.32179-0.32309 
0.32176-0.32310 
0.32172-0.32307 
0.32166-0.32302 
0.32166-0.32305 

0.32172-0.32311 

m 
1 
0 
0 



44 
46 
48 
50 
52 
54 
56 
58 
60 

62 
64 
66 
68 
70 
72 
74 
76 
78 
80 

82 
R4 
86 
RE 
90 
92 
94 
96 
98 
100 

102 
104 
106 
108 
110 
112 
114 
116 
117 

_ _ _ _ _ _  

- - - - - -. 

- - - - - - 

76 
74 
72 
7 0  
68 
6 6  
64 
62 
60 

58 
56 
54 
52 
50 
48 
46 
44 
42 
40 _ _ -  

3035731 0.3223 0.0003 0.3226 0.0010 
2957421 0.3223 0.0003 0.3226 0,0011 
2878661 0.3222 0.0004 0.3226 0.0011 
2798161 0.3222 0.0004 0.3228 0.0011 
2718701 0.3222 0.0004 0.3227 0.0011 
263981) 0.3222 0.0004 0.3228 0.0011 
2560201 0.3222 0.0004 0.3230 0.0011 
2482071 0.3223 0.0004 0.3232 0.0011 
2402131 0.3221 0.0004 0.3236 0,0011 

2320071 0.3220 0.0004 
2241761 0.3221 0.0004 
216148) 0.3221 0.0004 
2081511 0.3220 0.0004 
2002051 0.3221 0.0004 
192186 0.3222 0.0004 
1840531 0.3223 0.0004 
1761151 0.3222 0.0004 
1680191 0.3220 0.0004 
1599891 0.3220 0.0004 

- - -_- - - - - - -__-- -____________ 
38 152085 
36 144026 
34 136182 
32 128197 
30 120299 
28 112306 
26 104371 
24 96394 
22 88174 
20 80267 

18 72284 
16 64271 
14 56147 
12 48176 
10 40032 
8 32133 
6 23862 

.___-----_-----__ 

4 16027 
3 11902 

118 2 7923 

0.3221 0.0004 
0.3220 0.0005 
0.3221 0.0005 
0.3222 0.0005 
0.3222 0.0005 
0.3221 0.0006 
0.3220 0.0006 
0.3224 0.0006 
0.3225 0.0006 
0.3225 0.0007 

0.3236 0.0011 
0.3230 0.0011 
0.3230 0.0012 
0.3228 0.0012 
0.3225 0.0012 
0.3221 0.0012 
0.3221 0.0012 
0.3219 0.0012 
0.3217 0.0013 
0.3214 0.0012 

0.3210 0.0012 
0.3206 0.0012 
0.3201 0,0012 
0.3202 0,0012 
0.3201 0,0012 
0.3206 0,0013 
0.3209 0.0014 
0.3206 0.0014 
0.3208 0,0015 
0.3211 0.0016 

0.3224 0.0004 95/95/951 0.32233 0.00026 
0.3223 0.0004 195/95/95 0.32229 0.00027 
0.3223 0.0004 195/95/951 0.32227 0.00027 
0.3223 0.0004 95/95/95( 0.32228 0.00028 
0.3222 0.0004 )95/95/951 0.32225 0.00028 
0.3222 0.0004 195/95/95) 0.32229 0.00029 
0.3223 0.0004 (95/95/951 0.32235 0.00030 
0.3223 0.0004 195/95/951 0.32242 0.00030 
0.3222 0.0004 195/95/951 0.32238 0.00031 

0.3220 0.0004 
0.3222 0.0004 
0.3221 0.0004 
0.3220 0.0004 
0.3222 0.0004 
0.'3223 0.0004 
0.3223 0.0004 
0.3223 0.0004 
0.3221 0.0004 
0.3221 0.0004 

0.3222 0.0005 
0.3221 0.0005 
0.3222 0.0005 
0.3224 0.0005 
0.3223 0.0005 
0.3223 0.0006 
0.3221 0.0006 
0.3225 0.0006 
0.3225 0.0006 
0.3225 0.0007 

_________--___. 

95/95/951 0.32229 0.00031 
95/95/951 0.32231 0.00032 
95/95/951 0.32226 0.00033 
95/95/951 0.32215 0.00033 
95/99/951 0.32219 0.00034 
95/99/951 0.32221 0.00035 
95/99/95! 0.32227 0.00037 
95/95/951 0.32214 0.00037 
95/95/95 0.32'195 0.00037 
95/95/951 0.32194 0.00039 

95/95/95 0.32186 0.00040 
95/95/95/ 0.32175 0.00042 
95/95/95 0.32171 0.00042 
95/95/95/ 0.32175 0.00047 
95/95/951 0.32175 0.00048 
95/95/95 0.32187 0.00050 
95/95/951 0.32181 0.00052 
95/95/951 0.32212 0.00050 
95/95/951 0.32216 0.00053 
95/95/951 0.32222 0..00058 

_-- - -____-- - - - -___-_______ 

0.3225 0.0007 
0.3224 0.0008 
0.3225 0.0009 
0.3229 0.0010 
0.3233 0.0012 
0.3245 0.0011 
0.3245 0.0012 
0.3239 0.0007 
0.3235 0.0009 
0.3230 0.0013 

0.3209 0.0018 
0.3211 0,0019 
0.3209 0,0020 
0.3209 0.0022 
0.3219 0.0025 
0.3203 0,0029 
0.3220 0.0036 
0.3267 0.0026 
0.3241 0.0007 
0.3243 0.0011 

0.3226 0.0007 (95/95/951 
0.3225 0.0008 [95/95/951 
0.3226 0.0009 (95/95/951 
0.3230 0.0010 )95/95/951 
0.3233 0.0011 195/95/951 
0.3244 0.0010 195/95/951 
0.3245 0.0012 195/95/951 
0.3241 0.0009 195/95/951 
0.3235 0.0010 1 
0.3231 0 . 0 0 1 6  I 

0.32228 0.00063 
0.32224 0.00072 
0.32224 0.00084 
0.32272 0.00095 
0.32300 0.00102 
0.32396 0,00137 
0.32420 0.00160 
0.32332 0.00089 

0.32181-0.32285 
0.32176-0.32283 
0.32172-0.32282 
0.32172-0.32284 
0.32169-0.32282 
0.32171-0.32288 
0.32176-0.32294 
0.32181-0.32302 
0.32175-0.32300 

0.32166-0.32291 
0.32166-0.32295 
0.32160-0.32293 
0.32148-0.32281 
0.32150-0.32288 
0.32150-0.32293 
0.32152-0.32301 
0.32138-0.32290 
0.32120-0.32270 
0.32116-0.32272 

0.32104-0.32267 
0.32090-0.32260 
0.32085-0.32258 
0.32079-0.32270 
0.32077-0.32273 
0.32084-0.32290 
0.32073-0.32288 
0.32109-0.32316 
0.32104-0.32328 
0.32100-0.32345 

0.32164-0.32302 
0.32159-0.32300 
0.32155-0.32299 
0.32154-0.32303 
0.32150-0.32301 
0.32151-0.32307 
0.32156-0.32314 
0.32162-0,32322 
0.32155-0.32321 

0.32145-0.32312 
0.32145-0.32316 
0.32137-0.32315 
0.32126-0.32303 
0.32127-0.32311 
0.32126-0.32317 
0.32127-0.32326 ' 
0.32113-0.32315 
0.32095-0.32295 
0.32089-0.32298 

0.32076-0.32295 
0.32061-0.32289 
0.32055-0.32288 
0.32046-0.32303 
0.32043-0.32307 
0.32048-0.32326 
0.32035-0.32326 
0.32072-0.32353 
0.32063-0.32369 
0.32054-0.32390 

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  

----______------_---_____________ 
0.32093-0.32363 0.32041-0.32415 
0.32068-0.32381 0.32007-0.32442 
0.32038-0.32410 0.31962-0.32486 
0.32056-0.32488 0.31962-0.32582 
0.32059-0.32541 0.31944-0.32657 
0.32044-0.32748 0.31843-0.32948 
0.31910-0.32930 0.31484-0.33356 
0.31205-0.33458 0.26691-0.37972 

the minimum estimated standard deviation for the coljabs/tl keff estimator occurs with 3 inactive cycles and 117 active cycles. 

the first active half of the problem skips 20 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len keff, one standard deviation, and 68, 95, and 99 percent intervals for each active half of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half 0.32295 0.00030 0.32264 to 0.32325 0.32234 to 0.32355 0.32214 to 0.32375 
second half 0.32219 0.00034 0.32185 to 0.32254 0.32150 to 0.32288 0.32127 to 0.32311 
final result 0.32258 0.00023 0.32235 to 0,32282 0.32212 to 0.32305 0,32197 to 0,32320 

the first and second half values of k(collision/absorption/track length) appear to be the same at the 95 percent confidence level. 
lplot of the estimated col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0.322583 

0.322 0.323 0.324 0.325 inactive active 0.321 
cycles cycles I - - - - - - - - - - - - - - - - - - -____I_______________---------~-------- - - - - - - - - - - - - - - - -~-------- - - - - - - - - -~~~~---~ 



i 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12  
1 3  
1 4  
1 5  
1 6  
1 7  
18 
1 9  
2 0  
2 1  
2 2  
23 
2 4  
25  
26  
27 
2 8  
2 9  

' 3 0  
3 1  
32 
3 3  
34 
3 5  
36 
37 
3R 
39 
4 0  
4 1  
42 
4 3  
44 
45 
46 
41 
48 
49 
50 
5 1  
52 
53 
54 
5 5  
56 
57 
58 
59 
60 
61 

1 2 0  
119  
118 
117  
116  
115 
1 1 4  
1 1 3  
112  
111 i 
108 
107  I 
106  1 
105 ] 
104 I 
103 I 
1 0 1  + 
100 

102 I 

;; 1 
9 7  I 
96 I 
95 I 
94 I 
93 I 
92 I 
91 + 
9 0  
89 
88  
87 
8 6  
85 
R4 
8 3  
82  
8 1  + 
80  I 
.79 j 
7* I 
77 I 
76  i 
7 5  I 
7 4  I 
7 3  I 
72 I 
7 0  I 
6 9  I 
68 I 
67 I 
66 I 
65 I 
64 I 
63 I 
62 I 
60 I 
59  I 

7 1  + 

6 1  + 

+ 

+ 

t 

+ G 
M 

I 
0 
0 
c, 



62 
6 3  
64 
6 5  
6 6  
67 
68 
69 
70  
7 1  
.7 2 
7 3  
74 
7 5  
7 6  
77 
78 
7 9  
8 0  
81 
82  
8 3  
84  
8 5  
8 6  
87 
A8 
89 
90 
9 1  
92 
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
9 9  

1 0 0  
1 0 1  
1 0 2  
1 0 3  
1 0 4  
1 0 5  
106 
1 0 7  
108 
1 0 9  
110 

58 
57 
56 
55  
54 
53  
52 
51 
50 

48 
47 
46 
4 5  
4 4  
4 3  
42 
41  t 

49 

E I 
33 I 
32 I 
30 I 
29 I 
28 I 

3 1  t 

27 
26  
25 
24 
23 
22 
21 
2 0  
1 9  
18 
1 7  
1 6  
1 5  
14  
1 3  
12 
11 + 
1 0  I 

I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 1 
I 
I 
I 
I 
I 
I 
I 
I 

1 warning message so far. 

r u n  terminated when 1 2 0  kcode cycles were done 

computer time = 5 0 . 4 5  minutes 
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To determine the neutron multiplication factors for M x 03 x 4 arrays of 55 gallon drums and B-25 boxes with 
Pu-239 metal spheres and variable density cellulose outside the sphere. There is no water outside the 
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Analysis 

Assumptions 

e 

0 

0 

e 

e 

e 

e 

e 

0 

0 

e 

e 

e 

Pu-239 inside the sphere is a pure metal. 
The density of the metal Plutonium is 19.78 g/cm3 
The cellulose fills the entire space inside the container and outside the Plutonium sphere. 
The containers stand on the 3 m thick concrete floor 
B-25 boxjnside dimensions are 172.72 x 137.16 x 87.63 cm or 68 x 54 x 34.5 inches 
The B-25 box wall thickness is zero 
Every B-25 Box contains 350 g of Pu-239 

The 55 gallon drum is a cylinder with 56.83 cm (22.37 inches) inside diameter and 89.1 1 cm (35.08 
inches) height 
The drum wall is made of carbon steel and its thickness is 0.157 cm 
The drums are arranged in the infinite hexagonal array, 4 tiers heigh (- x- x 4) 
Every drum contains 200 g of Pu-239 
There is no water outside containeis, air fills the space between the containers 

The B-25 boxes are arranged in the infinite square array, 4 tiers heigh (m x~ x 4) W 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Two different cases were studied: 

Case 1.00 x 00 x 4 array of 55 gallon drums 
Case 2.00 x - x 4 array of B-25 boxes 

The plutonium spheres located in different positions on the vertical axis o'f the containers and different 
positions on the drum radius and box diagonal were studied. The cellulose density parametric analysis was 
performed for each case. Attachments 1 and 4 have the drawings of the models used for case 1 and 2 
respectively. Examples of MCNP input and output files for both cases can also be found in the Attachmen. -- 
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Element 

Iron (Fe) 

Carbon (C) 

Air, Carbon Steel, Concrete and Cellulose Composition 

Weight Fraction 

0.995 

0.005 

Table I shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element weight 
fractions for carbon steel (Harmon C. D,, I1 et al., 1993) used in the drum walls. Table 3 shows the element 
composition of concrete (Harmon C. D., I1 et al., 1993) in the floor. 

Element 

Hydrogen (H) 

Oxygen (0) 

Sodium (Na) 

Table 1. Air composition 

Weight Fraction 

0.010 

0.532 

0.029 

Silicon (Si) 

Calcium (Ca) ' 

Argon (Ar) 1 0.012827 

0.337 

0.044 

Table 3. Concrete composition 

Aluminum (AI) 1 0.034 

- . I  
Iron (Fe) 1 0.014 
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The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 4) and the cellulose chemical formula - C,H,,O,. 

Table 4. The atomic weights of the elements 

11 Element I Atomic Weight 

Hydrogen (H) 1.00794 

Carbon (C) 1 2 .O 1 07 

Oxygen (0) 15.9994 

The molecular weight of cellulose (C,H,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ith element was found as a ratio of the ith element weight in the molecule 
to the molecular weight of this molecule. 

where 
w), = the weight fraction of ith element in a molecule j 
n, = the number of the iIh elements in the jth molecule 
A ,  = the atomic weight of the ith element, $mol 
M, = the molecular weight the jrh molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 5. 

Table 5 .  Cellulose Weight Fractions 

11 Element I Weight Fraction II 



. 

C ~ S K  ’ 27.~1 z4-z3 Z coordinates tor the center of the 6070 density cellulose 40% density cellulose 2 0 ~ r  density cellulose ’ 

lsrdrum 2nd 3rd 4th k,,, 0 k,,,.+20 k,,, 0 k,,,.+20 k,,, 0 kCIV+ 36 
sphere. cni number 

drum drum drum 
I 175.54 175.54 1.34 I 176.88 179.56 355.1 0.3581 0.0006 0.3593 0.3473 0.0005 0.3478 0.3386 0.0005 0.3396 
2 148.22 I 148.22 15.00 163.22 193.22 141.44 0.3149 0.0004 0.3158 0.3103 0.0005 0.3108 I 0.3063 0.0004 0.3071 
3 118.22 118.22 30.00 148.22 208.22 326.43 0.3139 0,0005 0.3148 0.3071 0.ooO5 0.3077 0.3042 0.0004 0.30.50 

4 88.22 88.27 45.00 133.72 223.22 31 1.34 0.3142 0,0005 0.3152 0.3081 0.0004 0.3085 0.3051 0.OOOS 0.3061 
5 58.22 58.22 60.00 118.22 138.22 I 296.44 0.3136 0.0004 0.3135 0.3082 0.0004 0.3087 0.3055 0.0005 0.3064 
6 I 28.22 28.27 , 75.00 103.21 I 253.22 I 28I.34 1 0.3169 0.0005 0.3178 0.3107 I 0.0005 0.31 12 I 0.3U71 0.0004 0.3079 

- 7 I 2.68 I 768 I 8777 90.3 5 I ? h i 9 9  I >‘hR(j7 10 1582 0000 5 101592 01474 10.000 i 07479 I O  7408 I (Lao04 0 1417 
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Results 

To find the spheres’ locations where ksff reaches its maximum, cases with different coordinates of the 
sphere centers were studied. First the plutonium spheres “were moved” along the vertical axis of the 
containers. After the 2- (vertical axis) coordinate for maximum kef,. was found, the vertical location of the 
spheres “was fixed” and they “ were moved” radially along X- axis in case of the 55 gallon drum and along 
the diagonal in case of the B-25 box. 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. The tables provide the Monte Carlo determined neutron multiplication factor (kcff) values and their 
standard deviations (o), and the graphs plot the kerf +2 ci values for all studied cases. 

.. 

Table 6. The neutron multiplication factor (keff) values and their standard deviations (0) for 200 g Pu-239 
spheres in the 55 gallon drums with cellulose. The spheres are located on the drums’ vertical axis. 
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Figure 1. k,, +20 for 200 g Pu-239 spheres in the 55 gallon drums with cellulose. Spheres are located on the 
drums’ vertical axis. 
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Table 7. The neutron multiplication factor (kef,) values and their standard deviations (0) for 350 g Pu-239 
spheres in the B-25 boxes with cellulose. The spheres are located on the boxes’ vertical axis. 
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Figure 2. keff + 2 ~  for 350 g Pu-239 spheres in the B-25 boxes with cellulose. The spheres are located on the 
boxes' vertical axis. 
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The data from Table 6 and 7 shows that the neutron multiplication factor reaches its maximum when the 1" 
tier sphere is located at the top of the container and at the same time the 2"d tier sphere is located at the 
bottom, the 3rd tier sphere is located at the top and 4Ih tier sphere is located at the bottom, i.e. 1" tier - Td tier 
sphere contact, and 3rd - 41h tier sphere contact. 

Table 8. The neutron multiplication factor (keff) values and their standard deviations (G) for 200 g Pu-239 
spheres in the 55 gallon drums with cellulose. The spheres "are moved" along the radius of the drum. The Z- 
coordinates spheres' centers correspond to the location of 1'' tier - 2"(' tier sphere contact, and 3rd - 4Ih tier 
sphere contact. 

i 
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Figure 3. k,, +20 for 200 g Pu-239 spheres in the 55 gallon drums with cellulose. The spheres "are moved" 
along the radius of the drum. The Z-coordinates spheres' centers correspond to the location of lst  tier - 2"d 
tier sphere contact, and 3rd - 4Ih tier sphere contact. 

0.39004 e . -  (... + .........; i 
i a -.---I 

, re 100% density cellulose1 
nsity cellulose 1 n wmn 1 . ... -_ .i. .- P . .-; I 

n vnn ; . _ _  ... -1 I 

X-coordinate for the center of the 
sphere, crn I 

Table 9. The neutron multiplication factor (keff) values and their standard deviations (0) for 350 g Pu-239 
spheres in the B-25 box with cellulose. The spheres "are moved'' along the diagonal of the box. The 2- u' 
coordinates spheres' centers correspond to the location of lst tier - 2"d tier sphere contact, and 3'd - 4Ih tier 
sphere contact. 



WVNS-NCSE-001 
REV. 0 

URS Sheet N o .  ?jly 

Calc. No. BUF-2000-102 
Rev. No. 0 

Job No 30822-244-330 16856 Job: PSR-6 BV -LK Dateg /&h /  
Client WVNS Subiect: Pu-239 metal spheres Chk’d. ~2 Date LIX Tu 1 

Figure 4. k,, +20 for 350 g Pu-239 spheres in the B-25 box with cellulose. The spheres “are moved” 
along the diagonal of the box. The Z-coordinates spheres’ centers correspond to the location of 1” tier - 
2”d tier sphere contact, and 3‘d - 4 I h  tier sphere contact. 

0.7000 

0.6500 

0.6000 

& 0.5500 

0.5000 

0 

.- 
+ 
F 0.4500 

0.4000 

0.3500 

0.3000 I I I 

0.000 20.000 40.000 60.000 80.000 

X-coordinate for the center of the 
sphere, cm 

m 80% density cellulose 

60% density cellulose 
40% density cellulose 

m 20% density cellulose 

I 

‘U 



WVNS-NCSE-001 
REV. 0 

Attachment 1: Case 1 with MCNP surface and cell numbers 

c 



WVNS-NCSE-001 
REV. 0 

FILE 
SUBJECT 



W W  
c - b -  
4 4  
0 0  

I I I 

. .. .. - .  -_ . . . 
- - .. - - . . . -. . . 



Attachment 2: Case 1 MCNP input file 
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1 65 -7.82 5 -6 2 -3 
2 1 -0.9 -5 2 -3 8 9 10 11 
3 64 -0.001293 -21 22 -23 24 -25 26 2 -3 6 
4 0  21 : -22 : 23 : -24 : 25 : -26 : 
5 2 -2.3 -21 22 -23 24 -25 26 -2 7 
6 3 -19.78 -8 
7 3 -19.78 -9 
8 3 -19.76 -10 
9 3 -19.78 -11 c - - -_--___--_-___________________________--~ 

c Note: next line must be completely blank 
C 

imp:n=l $ drum wall 
imp:n=l $ cellulose matrix 
imp:n=l $ air ouside the drum 
-7 : 3 imp:n=O $ Outside world 
imp:n=l $ concrete floor 
imp:n=l S Plutonium sphere 
imp:n=l $ Plutonium sphere 
imp:n=l $ Plutonium sphere 
imp:n=l $ Plutonium sphere 

c Surface cards c _______-_________-_--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2 pz 0 $ drum bottom pl.ane 
3 pz 356.448 $ drum top plane 
5 cz 28.418 $ 28.418 cm radius cylinder (internal wall of the drum) 
6 cz 28.575 $ 28.575 cm radius cylinder (external wall of the drum) 
7 PZ -300 $ concrete bottom plane 
6 s z  1.341 1.34 S plutonium sphere 
9 s z  176.68 1.34 $ plutonium sphere 
10 s z  179.56 1.34 $ plutonium sphere 
11 s z  355.09 1.34 $ plutonium sphere 

c (simulates infinite array of the drums) 
c begin the lattice surfaces 
*21 p 0.8660254 -0.5 0 28.575 
* 2 i  D 0,8660254 -0.5 0 -28.575 

hexagonal cell with reflecting surfaces outside the drum 

*23 6 0.8660254 0.5 0 28.575 

*25 py 28.575 
*24 P 0.8660254 0.5 0 -28.575 

*26 p- -28.575 
c end of lattice surfaces 

c --___-_-_-__-_---------------------------------------------------------- 

c Note: next line must be completely blank 

c Data cards 

c Materials 
C 
c Celulose (Elements: C, H, 0 )  

C 

C 

C 

ml 6000.50~ -0.444 
1001.50~ -0.062 
8016. SOC -0.493 

c Concrete (KENO Regular Concrete Standard Mix1 from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p .  C-4 
c (Zlements: H, 0, Na, Si. A l ,  Ca, Fe! 
m2 1001.50~ -0.010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

c Plutonium-239 
m3 94239.55~ 1 
c Air ( C ,  N, 0, Ar) composition from Attix p.532 
~ 6 4  6000.50~ -0.000124 

7014.50~ -0.755267 
8016.50~ -0.231781 
18000.35~ -0,012828 

c Carbon Steel (C,  Fe) composition from Crit. Calc. with MCNP p. C-10 
m 6 5  6000.50~ -0.005 '. 

26000.55~ -0.995 
C 
mode n 
print 40 60 80 100 110 126 
kcode 4000 1. 20 120 

Page 1 

b' 



+,& ksrc 0 0 1.34 
0 0 1 7 6 . 8 8  
0 0 1 7 9 . 5 6  
0 0 355 .1  

WVNS-NCSE-001 
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Page 2 
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Attachment 3: Case 1 MCNP output file 



c 
lmcnp version 4a 16=10/01/93 11/28/00 22:06:07 
* * * * * * . * * t * . t * * * * . t t * ~ * * + * * * * . * * * ~ . , , * ~ ~ * * * ~ * * * . * * ~ * * ~ ~ ~ t * * * + * * * ~ * ~ * ~ * * * *  

name=Is110 

i- 
7- 
3- 
4 -  
5- 
6 -  
7 -  
R -  
9- 

10-  
11- 
12-  
1 3 -  
14- 
1 5 -  
1 6 -  
1 7 -  
1 R -  
19- 
20- 
2 1 -  

23- 
2 4 -  
25- 
26- 
2 7 -  
28- 
29- 
30- 
31- 
32-  
3:- 
3 4 -  
3 5 -  
35- 
3 7 -  
3 R -  
39- 
40- 
I l -  
42- 
43- 
44- 
45- 
J G -  
47- 
48- 
4 9 -  
50-  
5 1 .- 
52 - 
53- 
54 - 
55- 
5 6 -  
57 - 
5 R -  

7 7 -  '." 

Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 
C The drum height is 35 1/12 inch (89.112 cm) 
c drum wall thickness is 0.157 cm 
C Cell cards 
c c ____________________----------------.----------------------------------- 

1 65 -7.82 5 -6 2 - 3  imp:n=l S drum wall 
2 1 -0.9 
3 64 -0,001293 -21 22 -23 24 -25 26 2 -3 6 imp:n=l $ air ouside the drum 
4 0  21 : -22 : 23 : -24 :. 25 : -26 : -7 : 3 imp:n=O.S Outside world 
5 2 -2.3 -21 22 -23 24 -25 26 -2  7 imp:n=l $ concrete floor 
6 3 -19.78 -8 imp:n=l $ Plutonium sphere 
7 3 -19.7~ -9 imp:n=l $ Plutonium sphere 
8 3 -19.78 -10 imp:n=l $ Plutonium sphere 
9 3 -19.78 -11 imp:n=l $ Plutonium Sphere 
c 
C 
c Note; next line must be completely blank 

-5 2 -3 R 9 10 11 imp:n=l $ cellulose matrix 

c Surface cards 

2 pz 0 $ drum bottom plane 
3 pz 356.448 $ drum top plane 
5 cz  28.418 $ 28.418 cm radius cylinder (internal wall of the drum) 
6 cz 28.575 $ 28.575 cm radius cylinder (external wall of the drum) 
7 pz -300 $ concrete bottom plane 
8 sz 1.341 1.34 S plutonium sphere 
9 sz 176.88 1.34 $ plutonium sphere 
10 s z  179.56 1.34 $ plutonium sphere 
11 sz 355.09 1.34 $ plutonium sphere 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

C 
c hexagonal cell with reflecting surfaces outside the drum 
c (simulates infinite array of the drums1 
c begin the lattice surEaces 
'21 p 0.8660254 -0.5 0 28.575 

* 2 3  p 0,8660254 0.5 0 28.575 

'25 py 28.5'15 

'22 p 0,8660254 -0.5 D -28.575 

'24 p 0.8660254 0.5 0 -28.575 

'26 nv -28.575 
C 
C 
c 
C 
C 

C 
C 
C 
C 
C 

._ 
end of lattice surfaces 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Note:. next line must be completely blank 

Data cards 

Materials 

Celulose (Elements: C, H, 01 
ml 6000.50~ -0.444 

1001.50~ -0.062 
ROi6.50~ -0,493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H. 0, Na. Si, A l ,  Ca. Fe) 
m;! 1001.50~ - 0 . 0 1 0  

probid = 11/28/00 22:06:07 



59- 8016.50C -0.532 
60-  11023.50C -0.029 
61- 13027.50C -0.034 
62- 14000.50C -0.337 
63-  20000.50c -0.044 
64 - 26000.55C -0.014 
65-  c plutonium-239 
66-  m3 94239.5% 1 
61 - c Air ( C ,  N, 0, Ar) composition from Attix p.532 
6A- m64 6000.50~ -0.000124 
69- 7014.50C -0.755267 
70- 8016.50C -0.231781 
71- 18000.35C -0,012828 
72- c Carbon Steel (C, Fe) composition from Crit. Calc. with MCNP p. C-10 
.: 3 .. m65 6000.50~ -0 .005  
74- 26000.55C -0.995 
75- C 
'? 6 - mode n 
77 - print 40 60 80 100 110 126 
78- kcode 4000 1. 20 120 
79- ksrc 0 0 1.34 
A O -  0 0 176.88 
81- 0 0 179.56 
A ? -  0 0 355.1 
83- 

total Eission nubar data are being used. 
lmaterial composition 

the sum of the fractions of material 1 was 9.990000E-01 

material 
number component nuclide, atom fraction 

6000, 0.2A588 1001, 0.47576 8016, 0.23837 

14000, 0.20319 20000, 0.0.1859 26000, 0.00425 

1 
2 1001, 0,16803 8016, 0.56324 11023, 0.02136 13027, 0.02134 

3 94239, 1.00000 
64 6000, 0.00015 7014, 0.78443 8016, 0.21075 ,18000. 0.00467 
65 6000, 0.02283 26000, 0.97117 

materia 1 
number component nuclide, mass fraction 

1001, 0.06206 8016, 0.49349 

14000, 0.33700 20000, 0.04400 26000, 0.01400 

1 6000, 0,44444 
2 1001, 0.01000 8016, 0.53200 11023, 0.02900 13027, 0.03400 

3 94239, 1.00000 
64 6000, 0.00012 7014, 0.15527 8016, 0.23178 18000, 0.01283 
6 5  6000, 0.00500 26000, 0,99500 

warning. 1 of the materials had unnormalized fractions. 
l c r l l s  

atom gram neutron 
cell mat density density volume mass . pieces importance 

1 1 65 8.5A651E-02 7.82000E+00 1.00200E+04 7.835633+04 1 1.0000E+00 
2 2 1 7.015248-02 9.00000E-01 9.04302E+05 R.l3872E+05 0 1.0000E+00 

print table 40 

print table 60 

0 

F 
0 1  

, 

*'  i 



c 
3 3 64 5,353866-05 1.29300E-03 0.000006+00 0.000006+00 
4 4 0 0.000006+00 0.00000E+00 0.00000E+00 0.00000E+00 
5 5 2 8.17913E-02 2.300006+00 8.4R564Ec05 1.95170E+06 
6 6 3 4..982856-02 1.97800E+01 1.00787Et01 1.993563+02 
7 7 3 4.982856-02 1.97800E+01 1.00787Ec01 1.993566+02 
8 8 3 4.982856-02 1.9780OE+01 1.00787E~01 1.993568+02 
9 9 3 4.98285E-02 1.97800€+01 1.00787E+01 1.993566+02 

total 1.762938+06 2.R44726+06 

1 warning message so far. 
lcross-section tables 

table length 

tables from file critxs 

1 0 0 1 . 5 0 ~  
6000.50~ 
7014.50~ 

11023.50~ 
13027.50~ 
14000.50~ 
lROOO. 35c 
20000.50~ 
?6000.55c 
94239.55~ 

total 

~016. ~ O C  

1153 
16126 
22772 
23669 
36270 

4A275 

26104 
84136 
67551 

351129 

2 2 ~ 9 1  

2132 

0 1.0000E+00 
0 0.00006+00 
0 1.00006+00 
1 1.OOOOE+00 
1 1.0000E+00 
1 1.0000E+00 
1 1.00006+00 

print table 100 

total nu 

13011 
[ 1306) 
I 1275) 

( 1276) 
( 1311) 
( 1313) 
[ 1314) 

1 R )  
( 1320) 
2601 

( 1399) 

79/07/31. 
79/07/31. 
79/09/08. 

79/06/21. 
79/09/08. 
79/06/21. 
11/01/85 

79/06/22. 

05/14/81 

10/21/R2 
02/21/85 

warning. neutron energy cutoff is below some cross-section tables. 

decimal words of dynamically allocated storage 

general 111994 
tallies 0 
bank 6403 
cross sections 351129 

total 469526 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
dump no.  1 on file lsllOr nps = 0 coll = 0 ctm = 0.00 nrn = 0 

source distribution written to file lsllOs cycle = 0 

2 warning messages SO far. 
1 starting mcrun. field length = 0 cpo = 0.01 

Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 

print table 110 

nps x Y z cell s u r f  u V W energy weight time 

1 O.OOOE+OO 0.000E+00 1.340E+00 6 0 5.085E-01 4.7336-01 7.193E-01 2.209E+00 1.000E+OO 0.000E+00 
3 0.000Et00 O.OOOE+OO 1.34OE+00 6 0 R.952E-01 -1.4476-01 -2.9448-02 4.9046+00 1.000E+00 0.000E+00 

0 %  
0 
(n m 

1 
0 
0 
F 



3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
2 0  
21 
2 2  
23 
24 
25 
26 
27 
2R 
29 
30 
31 
32 

, 33 
34 
35 
36 
37 
3 8  
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4 9  
50 

lest imat 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0. OOOEtOO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0 .  OOOEtOO 
0.000E+00 
0 .  OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0,00OE+00 
O.OOOE+OO 
0,00OE+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0 .  OOOEtOO 
0. OOOE+ 00 
0.000E+00 
O.OOOE+OO 
0. OOOE+OO 
0.000E+00 
0. OOOE+OO 
0. OOOEcOO 
0. OOOEtOO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 

:ed keff res 

0.000E+00 1.340E+OO 
O.OOOE+OO 1.340E+00 
0.000E+00 1.34OE+00 
O.OOOE+OO 1.340E+00 
0.000EcOO 1.340E+00 
O.OOOE+OO 1.340E+00 
0.000E+00 1.340E+00 

. 0.000E+00 1.340E+00 
0.000E+00 1.340E+00 
0.000E+00 1.340E+00 
0.000Ec00 1.340Ec00 
0.000E+00 1.340E+00 
0.000E+@O 1.340Ec00 
O.OOOE+OO 1.340E+OO 
O.OOOE+OO 1.340E+00 
0.000E+00 1.340E+00 

O.OOOE+OO 1.340E+00 
0.000E+00 1.340Et00 

0.000E+00 1.340E+00 
0.000E+00 1.340E+00 
O.OOOE+OO 1.340E+00 
0.000Ec00 1.340E+00 
0.000Ec00 1.340Ec00 
0.000E+00 1.340E+00 
O.OOOE+OO 1.340Et00 
O.OOOE+OO 1.340Et00 
O.OOOE+OO 1.340E+00 
O.OOOE+OO 1.340Ec00 
0.000E+00 1.340E+00 
0.000E+00 1.340E+00 
0.000Ec00 1.340Ec00 
O.OOOE+OO 1.340E+00 
0.000E+00 1.340E+00 
0.000E+00 1.340E100 
0.000E+00 1.34OE+OO 
O.OOOE+OO 1.340Ec00 
0.000E+00 1.340E+00 
0.000E+00 1.340Ec00 
0.000€+00 1.340E+00 
O.OOOE+OO 1.340E+00 
O.OOOE+OO 1.340E+00 
O.OOOE+OO 1.340Et00 
O.OOOE+OO 1.340E100 
0.000E+00 1.340E+00 
0.000E+00 1.340E+00 
0.000E+00 1.340E+00 

O.OOOE+OO 1.340E+00 

O.OOOE+OO 1.340E+00 

ults by cycle 

source distribution written to file lsllOs 

source distribution written to file IsllOs 

source distribution written to file lsllOs 

source distribution written to file lsllOs 

scarce distribution written to file lsllOs 

source distribution written to file lsllos 

6 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

c 
0 -6.184E-01 -4.4953-01 6.446E-01 
0 9.710E-01 -5.665E-02 -2.323E-01 
0 5.8613-01 1.496E-01 -7.963E-01 
0 -6.489E-02 -1.6263-01 9.84531-01 
0 -7.068E-02 3.263E-02 -9.9708-01 
0 -3.9153-01 4.664E-01 -7.9323-01 
0 -2.368E-01 9.2153-01 -3.079E-01 
0 1.946E-01 -3.204E-01 9.271E-01 
0 -6.698E-01 -7.177E-01 -1.905E-01 
0 -8.398E-01 -4.129E-01 3.524E-01 
0 -1.714E-01 -8.572E-01 4.857E-01 
0 -2.4898-01 -5.118E-01 -8.2228-01 
0 -2.959E-01 2.119E-01 9.3148-01 
0 1.39SE-01 -9.829E-01 1.202E-01 
0 6.9098-01 -7.110E-01 1.307E-01 
0 -6.580E-01 5.320E-01 -5.329E-01 
0 -9.9038-01 -1.380E-01 1.353E-02 
0 7.462E-01 4.8598-01 -4.5518-01 
0 -1.977E-01 9.7976-01 3.360E-02 
0 -9.117E-01 -3.647E-01 -1.891E-01 
0 -4.287E-01 8.361E-01 -3.423E-01 
0 1.080E-01 3.412E-01 -9.338E-01 
0 -9.111E-01 -9.012E-03 -4.1228-01 
0 -2.568E-01 -6.391E-01 -7.249E-01 
0 -2.912E-01 8.086E-01 5.113E-01 
0 1.4728-01 -9.514E-01 2.705E-01 
0 -6.135E-01 -7.645E-01 -1.978E-01 
0 -5.702E-01 5.651E-01 -5.963E-01 
0 -6.607E-01 5.3733-01 -5.242E-01 
0 -9.742E-02 -3.639E-01 -9.263E-01 
0 -1.965E-01 -3.145E-01 -9.287E-01 
0 4.0978-01 8.465E-01 -3.399E-01 
0 -4.0488-02 8.8313-01 4.675E-01 
0 3.3718-01 -9.269E-01 -1.652E-01 
0 -1.R67E-01 9.7568-01 -1.155E-01 
0 -2.616E-01 2.3368-01 -9.365E-01 
0 9.7FIOE-01 -7.641E-02 -1.939E-01 
0 2.580E-01 -7.076E-01 6.578E-01 
0 -3.2123-01 -7.678E-01 -5.543E-01 
0 5.039E-01 -1.460E-01 8.513E-01 
0 6.080E-01 5.487E-01 5.738E-01 
0 -2.9328-01 9.304E-01 -2.199E-01 
0 -8.475E-01 -3.993E-01 -3.4976-01 
0 1.200E-01 -9.195E-01 -3.743E-01 
0 7.085E-01 5.879E-01 3.904E-01 
0 4.2613-01 9.046E-01 9.254E-03 
0 5.9318-01 4.270E-01 -7.2303-01 
0 -1.053E-01 -9.805E-01 1.658E-01 

cycle = 20 

cycle = 23 

cycle = 2 6  

cycle - 29 

cycle = 32 

cycle = 35 

3.809E-01 
1.331E+00 
1.902Ec00 
4.410E-01 
4.750E-01 
4.136E+00 
7.453E-02 
3.128E+00 
1.014E+00 
1.395E+00 
7.7483-01 
l.lOlE+OO 
1.951E+00 
2.186Et00 
1.865E+00 
1.229E+00 
1.305E+00 
1.000E+00 
3.990E+00 

1.156E+00 
2.669E+00 
2.185E+00 
4.225Ec00 
1.079E+00 
3.461E+00 
1.836E+00 
4.556E-01 
6.415E-01 
2.764E+00 
2.785E-01 
9.0978-01 
3.360E-01 
6.3761-01 
2.1R6E+00 
7.314E-01 
2.997E-01 
1.444Ec00 
1.914Et00 
1.502E+00 
5.9716+00 
1.827E+00 
1.928Ei00 
1.351Et00 
2.288Ec00 
1.230E+00 
1.433E+00 
6.572E-01 

2.665E-01 

1. OOOEtOO 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1 .OOOE+OO 
1.000E+OO 
1.000E+00 
1.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
I. 000E+00 
1.000E+00 
1.000Et00 
1.000E+00 
1.000Et00 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1. OOOE+OO 
1.000E+00 
1.000E+00 
1,00OE+00 
1,000E+00 
1.000E+OO 
l.OOOE+OO 
1.000E+00 
1. OOOE+OO 
1.000Et00 
1. OOOE+OO 
1. OOOEtOO 
1.000E+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
1.000E+OO 
1.000E+00 

print 

O.O00E+00 
O.OOOE+OO 
0.000Et 00 
0.000Et00 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000Et00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0. OOOE+ 00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
OIOOOE+OO 
0.00OEc00 
O.OOOE+OO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O,000E+00 
0. OOOEcOO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0. OOOEcOO 
0. OOOEcOO 
0 .  OOOEcOO 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0. OOOEcOO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O,000E+00 
0.000E+00 
table 175 
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c . 

t * * * . * * * * * t * * . * t * * . * ~ * ~ * ~ * * * ~ ~ * * * . * * * ~ * * * * * * ~ * . * ~ * . * * * * * * * * . * * * ~ * * ~ * * ~ ~ ~ * * . * * * * * " ~ * * * ~ * . * * * * * * * ~ * ~ * * ~ ~ ~ * * * * * , * ~ , * * * . * * ~  

dump no. 2 on file lsllOr nps = 145194 coll = 30642655 ctm = 15.29 nrn = 522748724 

source distribution written to file lsllOs cycle = 38 

source distribution written to file lsl1Os cycle = 41 

source distribution written to file 15110s cycle = 44 

source distribution written to Eile 15110s cycle = 47 

source distribution written to file lsllOs cycle = 50 

source distribution written to file IsllOs cycle = 53 

source distribution written to file lsllOs cycle = 56 

sousce distribution written to file lsllOs cycle = 59 

source distribution written to file lsllOs cycle = 62 

source distribution written to file lsllOs cycle = 65 

source distribution written to file lsllOs cycle = 68 

source distribution written to file lsllOs cycle = 71 

* * ' * , * t l * . * t * * . . * t t + * * * , * * * * , , * ~ * , * . * * * " * * * * * * * * * * * * ~ * * * * , ~ * ~ * ~ * * * * * ~ * ~ * * * + * ~ ~ * * * + * * * * * * + * * * ~ * * ~ * * * ~ * ~ , . * ~ , * , * * * ~ , * * * . ~  

dump no .  3 on file lsllOr nps = 285357 coll = 61219354 ctm = 30.47 n m  = 1044688848 

source distribution written to file 15110s cycle = 74 

source distribution written to file lsllOs cycle = 77 

souzce distribution written to file lsllOs cycle = RO 

source distribution written to file 1 ~ 1 1 0 s  cycle = 83 

source distribution written to file 1sllOs cycle = 86 

source distribution written to file lsllOs cycle = 89 

source distribution written to file 1sllOs cycle = 92 

source distsibution written to file 1~110s 

source distribution written to file lsllos 

estimator cycle. 100 ave of 80 cycles 
klcollision) 0.387234 0.390631 0.0024 
k(ahsorption) 0.387234 0.390631 0 . 0 0 2 4  
k(trk length1 0.384588 0.389342 0.0022 
rem life(co1) 3.3436€+04 3.3754Et04 0.0024 
rem lifelabs) 3.3440E+04 3.3753E+04 0.0024 
source points generated 4113 

source distribution written to file 1sllOs 

source distribution written to file lsllOs 

cycle = 9 5  

cycle = 98 

combination simple average combined average cors 
k Icoliabs) 0.390631 0.0024 0.390631 0.0024 1.0000 
k(abs/tk I n )  0.389986 0.0020 0.389877 0.0020 0.4180 
kltk ln/col) 0.389986 0.0020 0,389877 0.0020 0.4180 
klcol/abs/tk In) 0,390201 0.0020 0.389877 0.0020 
life(col/abs) 3.3754E+04 0,0024 3.374RE+04 0.0023 0 , 9 9 9 7  

cycle = 101 

cycle = 104 

I 

0 
0 
I-J 



source distribution written to file lsllOs cycle = 1 0 7  

t * * * * ~ t t ' i * . . l . . * . * * t . t * * * * t t t t t * * * * * ~ * . * ~ * * . ~ ~ ~ ~ ~ * . . * ~ * . , ~ ~ ~ * * * ~ , * * * * * ~ * * ~ * . * . * * * ~ " ~ * ~ + * * * * * * * ~ , * * ~ * , * ~ * ~ * ~ * * * , * ~ * . ~ * * ~ * *  

dump no. 4 on file IsllOr nps = 425430 coll = 91805014 ctm = 4 5 . 6 6  nrn = 1566799191 

source distributi,on written to file IsllOs cycle = 1 1 0  

source distribution written to file lsllOs 

estimator cycle 1 1 6  ave of 9 6  cycles 
k (col 1 is i on) 0 . 3 7 4 7 4 5  0 . 3 8 9 5 6 6  0 , 0 0 2 3  
k(absorption1 0 . 3 7 4 7 4 5  0 . 3 8 9 5 6 6  0 . 0 0 2 3  
kltrk length) 0 . 3 8 5 3 5 7  0 . 3 8 9 0 4 8  0 . 0 0 2 0  
rem life(col1 3 . 3 7 9 7 E + 0 4  3 . 3 7 4 1 € + 0 4  0 . 0 0 2 1  
rem liEe(abs1 3.3801E+04 3 . 3 7 4 0 € + 0 4  0 . 0 0 2 1  
source points generated 3786 

source distribution written to file l s l l O s  

estimator cycle 117 ave of 97 cycles 
klcollision) 0 . 3 7 7 0 4 7  0 . 3 8 9 4 3 7  0 . 0 0 2 3  
k(absorpt.ion1 0 . 3 7 7 0 4 7  0 . 3 8 9 4 3 7  0 , 0 0 2 3  
k(trk length) 0 . 3 9 9 5 3 9  0 . 3 8 9 1 5 6  0 , 0 0 2 0  
rem life(co1) 3.3464E+04 3 . 3 7 3 8 € + 0 4  0 . 0 0 2 1  
rem lifelabs) 3.3459E+04 3 . 3 7 3 7 E + 0 4  0 , 0 0 2 1  
5ource points generated 4036 

sstimator cycle 1 1 8  ave of 9 8  cycles 
k(collision1 0 . 4 0 1 1 0 5  0 . 3 8 9 5 5 6  0 . 0 0 2 3  
k(absorption1 0 . 4 0 1 1 0 5  0 . 3 8 9 5 5 6  0 , 0 0 2 3  
kitrk length) 0 . 3 9 0 7 1 7  0 . 3 8 9 1 7 2  0 . 0 0 2 0  
rem lifeicol) 3.2875E+04 3 . 3 7 2 9 8 + 0 4  0 . 0 0 2 1  
rein lifetabs1 3.2871E+04 3 .3728E+04 0.0021 
source points generated 4246 

estimator cycle 119 ave of 99 cycles 
k(col1ision) 0 . 3 8 2 7 9 2  0 . 3 8 9 4 8 8  0 , 0 0 2 3  
k(absorption1 0 . 3 8 2 7 9 2  0 . 3 R 9 4 8 8  0 , 0 0 2 3  

' k(tik length) 0 . 3 8 9 6 6 5  0 . 3 8 9 1 7 7  0.0020 
rem lifelcoll 3.2686E+04 3 . 3 7 1 9 8 + 0 4  0.0021 
rem lifeiabsl 3 . 2 7 0 6 E + 0 4  3.371RE+04 0 , 0 0 2 1  
source points generated 3801 

source distribution written to file lsllOs 

cycle = 1 1 3  

combination simple average 
k ( col /abs 1 0.389566 0 . 0 0 2 3  
klabs/tk In) 0.389307 0 . 0 0 1 8  
k(tk ln/col) 0.389307 0.0018 
k(col/abS/tk In1 0 , 3 8 9 3 9 3  0 . 0 0 1 9  
life(col/abs) 3.3741€+04 0 . 0 0 2 1  

cycle = 1 1 6  

combination ' simple average 
k(col/abs) 0.389437 0 . 0 0 2 3  
k(abs/tk In) 0.3R9296 0 . 0 0 1 8  
k(tk ln/col) 0 . 3 8 9 2 9 6  0 . 0 0 1 8  
k(col/abs/tk In) 0 , 3 8 9 3 4 3  0 . 0 0 1 9  
life(col/abs) 3.3738E+04 0 . 0 0 2 1  

combination simple average 
k (col/abs) 0.389556 0 . 0 0 2 3  
k(abs/tk In) 0.389364 0 . 0 0 1 8  
k(tk ln/col) 0.389364 0 . 0 0 1 8  
klcol/abs/tk In) 0.389428 0 . 0 0 1 9  
1 i fe (col t'abs) 3 . 3  72 9E+04 0 . 0 0 2 1  

combination simple average 
k(col/abs) 0.389488 0 . 0 0 2 3  
k(abs/tk In) 0.389332 0 . 0 0 1 8  
kltk lnicol) 0 . 3 8 9 3 3 2  0 . 0 0 1 8  
k(col/aba/tk In1 0 , 3 8 9 3 8 4  0 . 0 0 1 9  
1 i €e (col/ abs 1 3.3718E+04 0 . 0 0 2 1  

cycle = 1 1 9  

combined average 
0 . 3 8 9 5 6 6  0 . 0 0 2 3  
0 . 3 8 9 2 3 7  0 . 0 0 1 8  
0 .389237 0 . 0 0 1 8  
0 . 3 8 9 2 3 7  0 . 0 0 1 8  

3 . 3 7 3 6 € + 0 4  0 . 0 0 2 1  

combined average 
0 . 3 8 9 4 3 7  0 . 0 0 2 3  
0 .389260 0.0018 
0 . 3 8 9 2 6 0  0 . 0 0 1 8  
0 . 3 8 9 2 6 0  0 . 0 0 1 8  

3 . 3 7 3 3 € + 0 4  0 . 0 0 2 0  

combined average 
0 . 3 8 9 5 5 6  0 . 0 0 2 3  
0 .389312 0 . 0 0 1 8  
0 . 3 8 9 3 1 2  0 . 0 0 1 8  
0 . 3 8 9 3 1 2  0 . 0 0 1 8  

3 . 3 7 2 4 8 + 0 4  0.0020 

combined average 
0 . 3 8 9 4 8 8  0 . 0 0 2 3  
0 . 3 8 9 2 9 0  0 . 0 0 1 8  
0 .3R9290 0 . 0 0 1 8  
0 . 3 8 9 2 9 0  0.0018 

3 . 3 7 1 4 € + 0 4  0 . 0 0 2 0  

corr 
1 . 0 0 0 0  
0 . 4 2 5 5  
0 . 4 2 5 5  

0 . 9 9 9 7  

corr 
1.0000 
0 . 3 9 7 2  
0 . 3 9 7 2  

0 . 9 9 9 7  

corr 
1 . 0 0 0 0  
0 . 3 9 6 4  
0 . 3 9 6 4  

0 . 9 9 9 7  

corr 
1.0000 
0 . 3 9 4 7  
0 . 3 9 4 7  

0 . 9 9 9 7  

estimator cycle 1 2 0  ave of 100  cycles combination simple average combined average corr 
k(col1ision) 0 . 4 0 4 2 3 1  0 . 3 8 9 6 3 5  0 . 0 0 2 3  k(col/abs) 0 . 3 8 9 6 3 5  0 . 0 0 2 3  0 , 3 8 9 6 3 5  0 . 0 0 2 3  1 . 0 0 0 0  
klabsorption) 0 . 4 0 4 2 3 1  0 . 3 8 9 6 3 5  0 . 0 0 2 3  k(abs/tk In1 0 . 3 8 9 4 4 6  0 . 0 0 1 8  0 , 3 8 9 3 9 2  0.0018 0 . 4 0 4 7  
k(trk length) 0 . 3 9 7 2 8 4  0 . 3 8 9 2 5 8  0 . 0 0 1 9  k(tk ln/coll 0.389446 0 . 0 0 1 8  0 .389392 0 . 0 0 1 8  0 . 4 0 4 7  
rem life(co1) 3.3329E+04 3 . 3 7 1 5 E + 0 4  0 . 0 0 2 0  k(col/abs/tk In) 0.389509 0 . 0 0 1 9  0 . 3 8 9 3 9 2  0 . 0 0 1 8  
rem life(abs1 3 . 3 3 4 9 E + 0 4  3 . 3 7 1 4 & + 0 4  0 . 0 0 2 0  llfelcol/abs) 3 . 3 7 1 5 E + 0 4 , 0 . 0 0 2 0  3 . 3 7 1 2 € + 0 4  0 . 0 0 2 0  0 . 9 9 9 7  
source points generated 4189 

source distribution written to file 1s l lO.s  cycle = 1 2 0  
lprnblem summary 

run terminated when 120 kcode cycles were done. 
1 1 / 2 8 / 0 0  2 2 : 5 7 : 2 4  

Pu-239 in cellulose matrix. Infinite lattice of 5 5  gal. drums, 4 tiers probid = 1 1 / 2 8 / 0 0  2 2 : 0 6 : 0 7  
0 
neutrcn creation tracks weight energy . neutron loss tracks weight energy 

0 ' I  
, " I  



i 

source 

we igh t window 
cell importance 
weight cutoff 
wergy importance 
dstran 
forced collisions 
exp. t ransform 
upsrattering 

( n  , :cn) 
f iscion 

total 

477311 

0 
0 
0 
0 
0 
0 
0 
0 

330 
0 

477641 

(per source particle) 

0. 0. 

2.3309E-01 3.2R13E-04 
0. 0. 
0. 0. 
0. 0. 
0. 0. 
0. 1.044OE-06 

4.3063E-04 2.6765E-04 
0. 0. 
1.2392Ei00 2,15@9E+00 

0. a. 

number of neutrons banked 165 
neutrcrn tracks per source particle 1.0007E+00 
nctutron collisions per source particle 2.1607Et02 
total neutron collisions 103110690 
net multiplication l.O002E+OO 0.0001 

curoiwter time so far in this r u n  51.28 minutes 
computer time in mcrun 51.27 minutes 
source particles per minute 9.3094Ei03 
random numbers generated 1759789542 

range of sampled source weights = 9.2829E-01 to 2.14136+00 
lneutron activity in each cell 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dvtran 
forced collisions 
exp. transform 
downscattering 
capture 
l o s s  to (n,xn) 
loss to fission 

total 

4719 
0 
0 
0 
0 

472757 
0 
0 
0 
0 
0 
0 

165 
0 

477641 

average lifetime, shakes 
escape 3.1473E+03 
capture 3.3699E+04 
capture or escape 3.3426E+04 
any termination 4.11658+04 

maximum number ever in bank 
bank overflows to backup file 
field length 
most random numbers used was 

tracks Pooulation collisions collisions number flux 

(per source particle) 

8.9909E-03 
0. 
0. 
0. 
0. 
2.3332E-01 
0. 
0. 
0. 
0. 
0. 
8.7097E-01 
2.1532E-04 
1.2566E-01 
1.2392Ec00 

1.1049E-02 
0. 
0. 
0. 
0. 
2.75068-04 
0. 
0. 
0. 
0. 
1.9078EcOO 
2.0097E-02 
1.6955E-03 
2,09953-01 
2.1509E+00 

cutoffs ’ 

tco 1.0000€+34 
eco 0.0000E+00 
wcl -5.0000E-01 
wc2 -2.5OOOE-01 

I 

0 
0 

2327R in history 377417 

print table 126 

averaae averaae 
cell entering * weight weighted weighted track weight track mfp 

(per history1 energy energy (relative) (cml 

1 1 1533385 190805 500616 4.6284E-01 3.3262E-05 
2 2  12R4392 477283 101721759 1.0885E+02 5.19498-05 
3 3  752223 1R2436 2239 2.0585E-03 3.3107E-05 
5 5  183Rl 6959 606876 7.0540E-01 5.4499E-05 
6 6  9ZR6 8 6 3 5  4547 9.10098-03 3.6552E-01 
7 7  27919R 260226 136825 2.4806E-01 2.5172E-01 
8 8  274866 256454 134778 2.43988-01 2.5355E-01 
3 3  6169 5919 3050  6.39238-03 6.3576E-01 

2.1155E-01 
2.8125E-01 
2.11598-01 
2.4322E-01 
1.9192E+00 
1.9239E+00 
1.92R4E+00 
1.9505E+00 

total 4157906 1388717 103110690 .I. 105iE+02 
lkef€ results for: Pu-239 in cellulose matrix. Infinite lattice of 5 5  gal. drums, 4 tiers 

4.6857E-01 
5.5193E-01 
4.6891E-01 
5.R947E-01 
9 .  7826E-01 
8.9739E-01 
8.9724E-01 
1.0156E+00 

1.3544Ec00 
1.6145E+00 
2.7352E+03 
2.1407E+00 
2.5691E+00 
2.5511E+OO 
2.5511E+OO 
2.5757Et00 

probid = 11/28/00 22:06:07 

the initial fission neutron source distribution used the 4 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 20 cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 
this problem has run 20 inactive Cycles with 77195 neutron histories and 100 active cycles with 400116 neutron histories. 

this calculation has completed the requested number of kef€ cycles using a total of 471311 fission neutron source histories. 
all cells with Eissionable materia1 were sampled and had fission neutron source points. 

the results of the w test f o r  normality applied t o  the individual collision, absorption, and track-length keff cycle values are: 

the k( collision) cycle values appear normally distributed at the 9 5  percent confidence level 
the klabsorption) cycle values appear normally dis,tributed at the 95 percent confidence level 1 

0 
0 
F 



the k(trk length) cycle values appear normally distributed at the 9 5  percent confidence level 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I 

I I 
I I 
I I 

1 the final estimated combined collision/absorption/track-length kef€ = 0.38939 with an estimated standard deviation of 0 . 0 0 0 6 9  I 
1 the estimated 6 8 .  9 5 ,  & 99 percent keff confidence intervals are 0.38870 to 0 . 3 9 0 0 8 ,  0 .38802 to 0 . 3 9 0 7 6 ,  and 0 . 3 8 7 5 7  to 0 . 3 9 1 2 1  1 

I the estimated collisionlabsorption neutron removal lifetime = 3.37E-04 seconds with an estimated standard deviation of 6.7RE-07 ~1 

the estimated average keffs, one standard deviations, and 68. 9 5 ,  and 99 percent confidence intervals are: 

keff estimator keff standard deviation 68% confidence 95% confidence 99% confidence coir 

collision 0 . 3 8 9 6 4  0 .00090 0 .38873 to 0.39054 0 . 3 8 7 8 4  to 0.39193 0 , 3 8 7 2 5  to 0 , 3 9 2 0 2  
0 .38873 to 0.39054 0 .38784 to 0.39143 0 . 3 8 7 2 5  to 0 , 3 9 2 0 2  

track length 0 . 3 8 9 2 6  0 , 0 0 0 7 6  0.38850 t o  0.39002 0 . 3 8 7 7 5  to 0 , 3 9 0 7 7  0 . 3 8 7 2 6  to 0 . 3 9 1 2 6  
absorption 0 . 3 8 9 6 4  0 .00090 

col/absorp 0 . 3 8 9 6 4  0 .00090 0 . 3 8 8 7 3  to 0.39054 0 .38784 to 0.39143 0 . 3 8 7 2 5  to 0.39202 1 .0000 
abs/trk len 0 . 3 8 9 3 9  0 , 0 0 0 6 9  0 .38870 to 0 . 3 9 0 0 8  0 . 3 8 8 0 2  to 0 . 3 9 0 7 6  0 . 3 9 7 5 7  to 0 . 3 9 1 2 1  0 . 4 0 4 7  
col/trk len 0 . 3 8 9 3 9  0.00069 0 . 3 8 8 7 0  to 0.39008 0 .38802 to 0.39076 0 . 3 8 7 5 7  to 0 . 3 9 1 2 1  0 . 4 0 4 7  

col/abs/trk len 0 . 3 8 9 3 9  0 .00069 0 . 3 8 8 7 0  t o  0 . 3 9 0 0 8  0 .38802 to 0 , 3 9 0 7 6  0 . 3 8 7 5 7  to 0 . 3 9 1 2 1  

if the largest of each keff occurred on the next cycle, the keff results and 68,  9 5 ,  and 99 percent confidence intervals would be: 

keff estimator kef f standard deviation 68% confidence 95% confidence 99% confidence 

collision 0 . 3 8 9 8 6  0 .00092 0 .38894 to 0.39079 0 . 3 8 8 0 3  to 0 . 3 9 1 7 0  0 . 3 8 7 9 3  to 0 , 3 9 2 3 0  
absorption 0 . 3 8 9 8 6  0 .00092 0 .38894 to 0 , 3 9 0 7 9  0 .38803 to 0 . 3 3 1 7 0  0 . 3 8 7 4 3  t o  0 .39230 

track length 0 . 3 8 9 4 9  0 . 0 0 0 7 8  0 . 3 8 8 7 0  to 0.39027 0 . 3 8 7 9 3  to 0 . 3 9 1 0 5  0 , 3 8 7 4 2  to 0 . 3 9 1 5 6  
coliabsltrk len 0 . 3 8 9 6 2  0 .00072 0.38R90 to 0.39034 0 . 3 8 8 1 9  to 0 . 3 9 1 0 6  0.313772 to 0 , 3 9 1 5 2  

the estimated collision/absorption neutron lifetimes, one standard deviations, and 6 8 ,  9 5 ,  and 99 percent confidence intervals are: 

type lifetime(sec) standard deviation 6R% confidence 95% confidence 99'1; confidence 

removal 3.3712E-04 6 . 7 7 5 7 E - 0 7  3 .36443-04  tO 3.37ROE-04 3 . 3 5 7 7 8 - 0 4  to 3.3847E-04 3 .3533E-04 to 3.3891E-04 
capture 3.3723E-04 5 .11628-07  3 . 3 6 7 2 8 - 0 4  to 3.3774E-04 3 .3621E-04 to 3.3825E-04 3.3588E-04 to 3.3858E-04 
fission 2.29028-05  2.3012E-07 2 .2672E-05 to 2.3132E-05 2 .2444E-05 to 2.33618-05  2 .2294E-05 to 2.3510E-05 
escaDe 1 . 8 1 1 9 E - 0 4  4 .4883E-05 1 .3627E-04 to 2 . 2 6 1 2 6 - 0 4  9 .1787E-05 to 2.7060E-04 6 .2613E-05 to 2.997RE-04 

laverage individual and combined c o l l i s i o n / a b s o r p t i o n / t r a c k - l e n g t h  ka 

cycles per number of  average keff estimators and deviations 
kef€ batch k batches k(co1) st dev klabs) st dev k(trk) st dev 

1 100 I 0 . 3 8 9 6  0 .0009 0 . 3 8 9 6  0 . 0 0 0 9  0 . 3 8 9 3  0,0008 
2 50 I 0 . 3 8 9 6  0.0010 0 . 3 8 9 6  0.0010 0 . 3 8 9 3  0 . 0 0 0 7  
4 25  I 0 . 3 8 9 6  0 . 0 0 1 2  0 . 3 8 9 6  0 . 0 0 1 2  0 . 3 8 9 3  0 . 0 0 0 7  
5 20 1 0 . 3 8 9 6  0.0011 0 . 3 8 9 6  0,0011 0 . 3 8 9 3  0.0008 

10  10  1 0 . 3 8 9 6  0 . 0 0 0 9  0 . 3 8 9 6  0.0009 0 . 3 8 9 3  0 . 0 0 0 8  
2 0  5 1 0 . 3 8 9 6  0.0011 0 . 3 8 9 6  0 . 0 0 1 1  0 . 3 8 9 3  0 . 0 0 0 9  
25  4 1 0 . 3 8 9 6  0 . 0 0 1 4  0 . 3 8 9 6  0.0014 0 . 3 8 9 3  0 . 0 0 0 5  

lindividual and average keff estimator results by cycle 

f results 

normal i t y 
co/ab/ trk 

9 5 / 9 5 / 9 5 (  
95/95/951 
9 5 / 9 5 / 3 5 ]  
9 5 / 9 5 / 9 5  I 
95/95/951 
95/95/951 
3 5 / 9 5 / 9 5 (  

for 7 different batch sizes 

average k(c/a/t) k(c/a/t) confidence intervals 
k(c/a/t) st dev 95% confidence 9 9 8  confidence 

0.38939 0 .00069 0 .38802-0 .39076 0 . 3 8 7 5 7 - 0 . 3 9 1 2 1  
0 . 3 8 9 3 2  0 . 0 0 0 6 5  0 . 3 8 8 0 2 - 0 . 3 9 0 6 3  0 . 3 8 7 5 8 - 0 . 3 9 1 0 6  
0 . 3 8 9 3 1  0 .00074 0 , 3 8 7 7 8 - 0 . 3 9 0 8 4  0.3872.3-0.39139 
0 . 3 8 9 3 5  0.00080 0 , 3 8 7 6 6 - 0 . 3 9 1 0 4  0 , 3 8 7 0 2 - 0 . 3 9 1 6 8  
0 .38942 0 .00064 0 , 3 8 7 9 0 - 0 . 3 9 0 9 4  0 . 3 8 7 1 8 - 0 . 3 9 1 6 6  
0 . 3 8 9 4 3  0 .00070 0 , 3 8 6 4 3 - 0 . 3 9 2 4 3  0 , 3 8 2 5 1 - 0 . 3 9 6 3 5  
0 . 3 8 9 3 5  0 . 0 0 0 2 0  0 . 3 8 6 7 5 - 0 . 3 9 1 9 4  0 , 3 7 6 3 5 - 0 . 4 0 2 3 4  

average k(c/a/t) kef€ neutron kef€ estimators by cycle ' average keff estimators and deviations 
cycle histories klcoll) klabs) k(trnck1 k(coll1 s t  dev k(abs1 st dev k(track) st dev k(c/a/t) st dev fom 



1 4000 
2 1868 
3 3301 
4 3853 
5 4071 
6 3960 
7 3881 
8 4149 
9 4023 

1 0  3974 

0 . 4 6 5 3 7  
0.38436 
0 .37122 
0 . 3 7 6 4 1  
0 .37096 
0 . 3 6 6 5 9  
0.38065 
0 .38425 
0 .37967 
0 .39340 

0 .46537 
0 . 3 8 4 3 6  
0.37122 
0 . 3 7 6 4 1  
0 . 3 7 0 9 6  
0 . 3 6 6 5 9  
0 .38065 
0 . 3 8 4 2 5  
0 . 3 7 9 6 7  
0 . 3 9 3 4 0  

0.45137 
0 .38974 
0 .37940 
0.37793 
0 .37469 
0.36920 
0 . 3 7 5 9 0  
0 .37970 
0 .37950 
0 .39026 

11 4158 
12  3R30 
1 1  40'74 
14  3R49 
15 4016 
1 6  4088 
1 7  4263 
1 R  3843 
19  4100 
2 0  3894 

2 1  4056 
1 2  3907 
23  4153 
24 3917 
2 5  4034 
26  3824 
27  4053 
2 8  3917 
2 9 4113 
3 0  4194 

- - - - - .. - - - - . - - - - - 

0 . 3 7 7 1 0  0.37710 
0 .38310 0 . 3 8 3 1 0  
0.36H2G 0 . 3 6 8 2 6  
0 . 3 6 8 9 6  0 . 3 6 8 9 6  
0 . 3 7 5 6 2  0 . 3 7 5 6 2  
0.40238 0 .40238 
0 .38362 0 .38362 
0 .39647 0 . 3 9 6 4 7  
0 .38688 0 .38688 
0 . 3 9 6 5 1  0 . 3 9 6 5 1  

0 .38277 
0 .38511 
0 . 3 8 1 3 2  
0 .38287 
0 .36926 
0 .39449 
0 .38095 
0 . 3 9 4 9 0  
0 .37738 
0 . 3 9 0 6 9  

begin a 
0 . 3 8 7 3 0  
0 . 4 0 4 3 3  
0 .39864 
0 .40300 
0 . 3 8 6 0 1  
0 . 3 8 8 8 0  
0.38OR7 
0.39086 
0 .40638 
0 . 3 8 9 4 0  

ctive k e f f  cycles - -  
0 . 3 8 7 3 0  0 .38472 1 
0 .40433 0 .39657 I 
0.39864 0 .38552 1 
0 . 4 0 3 0 0  0 .39361 I 
0 . 3 8 6 0 1  0 . 3 8 5 7 1  1 
0 . 3 8 8 8 0  0 .37471 \ 
0 .38087 0 .38110 I 
0 .39086 0.384'78 I 
0 . 4 0 6 3 8  0 .38527 I 
0 . 3 8 9 4 0  0 . 3 8 8 7 1  1 

3 1  
3 2  
33 
34  
35  
36  
37 
3 8  
39  
40  

4 1  
42 
43 
44 
45  
46 
47 
4 8  
49 
5 0  

_ _ - _ _ _ - -  - 

_ _ _ _ _ - -  - -  

3859 1 0 . 3 9 3 0 2  0 .39302 
4022 1 0 . 4 0 0 0 1  0 . 4 0 0 0 1  
4038 I 0.39597 0 .39597 
3967 I 0 .39749 0 .39749 
4001 1 0 .38293 0 .38293 
3'240 I 0 .39067 0 .39067 
4104 1 0 . 3 9 0 2 1  0 . 3 9 0 2 1  
3983 I 0 . 3 9 2 4 2  0 .39242 
4019 1 0 . 3 8 4 3 1  0 . 3 8 4 3 1  
3933 I 0 .37408 0 .37408 

3884 1 0 . 3 9 3 8 9  0 .39389 
4224 1 0 .38973 0 .38973 
3 9 6 1  I 0 . 3 8 7 0 8  0 .38708 
3994 1 0 . 3 9 3 6 0  0.39360 
4065 1 0 . 4 0 1 7 1  0 . 4 0 1 7 1  
4095 I 0 .38093 0 .38093 
3812 1 0.39172 0 , 3 9 1 7 2  
4118 I 0 . 3 8 5 2 8  0 , 3 8 5 2 8  
3904 I 0 .39437 0 ,39437 
4096 1 0 . 3 9 4 4 9  0 ,39449 

0 .39582 0 .00851 
0 . 3 9 6 7 6  0 . 0 0 5 0 1  
0 .39832 0 .00387 
0 .39586 0 .00388 
0 .39468 0 .00338 
0 . 3 9 2 7 1  0 ,00347 
0 .39248 0 .00301  
0 . 3 9 4 0 2  0 .00307 
0 .39356 0 .00279 

1 0 .39351 0 ,00252 
I 0 .39405 0 ,00237 
1. 0 .39420 0 .00218 
I 0 .39443 0 . 0 0 2 0 3  
I 0 . 3 9 3 6 7  0 .00204 
I 0 .39348 0 . 0 0 1 9 2  
I 0 . 3 9 3 2 9  0 . 0 0 1 8 1  
I 0 . 3 9 3 2 4  0 . 0 0 1 7 1  
1 0 .39277 0 .00168 
1 0 .39184 0.00185 

5 1  4019 
5 2  4011 
53  3934 
54 4180 
55  3907 
56  4082 
57  3789 

0 .38414 
0 .39310 
0.38817 
0 . 3 9 1 1 3  
0 .38523 
0 .39339 
0 .40364 
0 .38798 
0 .38417 
0 .39050 

0.38224 
0 .39019 
0 .38153 
0 .39429 
0 .39117 
0 .36831 
0 .38762 
0 .39466 
0 .38778 
0 . 3 8 8 9 5  

_ _ - _ - - _ _  - 

- - - - - - - - - 

0.39193 0 .00176 
0 . 3 9 1 8 3  0 .00168 
0 .39163 0 .00162 
0 .39171 0 . 0 0 1 5 6  
0 . 3 9 2 1 1  0 .00155 
0 .39168 0 .00155 
0 .39168 0 .00149 
0 .39145 0 .00145 
0 .39155 0 .00140 
0 .39165 0 .00136 

0 .39582 0 . 0 0 8 5 1  
0 .39676 0 . 0 0 5 0 1  
0.39832 0 .00387 
0 .39586 0.00388 
0 .39468 0 .00338 
0 . 3 9 2 7 1  0 .00347 
0 .39248 0 . 0 0 3 0 1  
0 .39402 0 .00307 
0 .39356 0 ,00279 

0 .39065 0 .00593 
0 .38894 0 .00382 
0 .39011 0 . 0 0 2 9 5  
0 .38923 0 ,00245 
0 .38681 0 .00314 
0 .38599 0 .00277 
0 .38584 0 . 0 0 2 4 1  
0 .38578 0.00212 
0 .38607 0 .00192 

0 .38882 0 . 0 0 8 5 6  1 1 9 5  
0 .38695 0 .00466 3203 
0 . 3 8 9 5 4  0.00628 1497 
0 .38643 0 . 0 0 4 8 0  2 1 5 1  
0 . 3 8 6 2 6  0 .00425 2406 
0 . 3 8 6 2 0  0 . 0 0 3 6 1  2947 
0 . 3 8 6 7 5  0 .00304 3740 

0 . 3 9 6 7 8  0 , 3 9 6 7 8  0 . 3 8 9 7 1  
0 .39087 0 ,39087 0 .38202 
0 . 4 0 8 1 6  0 . 4 0 8 1 6  0 .38585 
0 .39712 0 , 3 9 7 1 2  0 . 3 9 7 5 1  
0 . 4 0 4 8 6  0 .40486 0 . 4 0 3 9 6  
0 .38215 0 ,38215 0 .38619 
0.38075 0.3R075 0 .37669 

0 .39182 0 . 0 0 1 3 3  
0 .39179 ,0.00128 
0 . 3 9 2 2 8  0 , 0 0 1 3 4  
0 . 3 9 2 4 2  0 . 0 0 1 3 1  
0.39278 0 .00132 
0 . 3 9 2 4 8  0 . 0 0 1 3 1  
0.39217 0 .00132 

0 . 3 9 3 5 1  0 , 0 0 2 5 2  0 .38590 0 .00175 
0 .39405 0 . 0 0 2 3 7  0.38650 0.00170 
0.39420 0 . 0 0 2 1 8  0 .38662 0 . 0 0 1 5 7  
0 .39443 0 . 0 0 2 0 3  0 . 3 8 6 9 5  0 .00149 
0.39367 0 .00204 0.38683 0 .00139 
0 . 3 9 3 4 8  0 . 0 0 1 9 2  0 .38724 0 .00137 
0.39329 0 . 0 0 1 8 1  0 . 3 8 8 2 1  0 . 0 0 1 6 1  
0 .39324 0 .00171 0 .38819 0 . 0 0 1 5 1  
0 .39277 0 .00168 0.38798 0 ,00145 
0 .39184 0 . 0 0 1 8 5  0 ,38811 0 . 0 0 1 3 8  

0 . 3 9 1 9 3  0 . 0 0 1 7 6  0 .38783 0 . 0 0 1 3 4  
0 .39183 0 . 0 0 1 6 8  0 , 3 8 7 9 4  0 .00128 
0 .39163 0 ,00162 0 .38766 0 . 0 0 2 2 6  
0 . 3 9 1 7 1  0 . 0 0 1 5 6  0 .38793 0 .00123 
0 . 3 9 2 1 1  0 .00155 0.38806 0 .00119 
0.39168 0 .00155 0 .38730 0 ,00137 
0 .39168 0 ,00149 0 .38732 0 , 0 0 1 3 2  
0.39145 0 . 0 0 1 4 5  0 .38758 0.00130 
0 .39155 0 . 0 0 1 4 0  0 .38758 0.00126 
0 .39165 0 . 0 0 1 3 6  0 .38763 0.00121 

0.39182 0 .00133 0 .38770 0 . 0 0 1 1 8  
0 . 3 9 1 7 9  0 . 0 0 1 2 8  0 . 3 8 7 5 2  0 . 0 0 1 1 5  
0 .39228 0 .00134 0 .38747 0,00112 
0.39242 0 .00131 0 .38776 0 .00112 
0 .39278 0 .00132 0 .38823 0 . 0 0 1 1 9  
0 .39248 0 . 0 0 1 3 1  0 .38817 0 .00115 
0.39217 0 .00132 0 .38786 0 .00116 

_ _ _ _ _ _ - _ _ ^ - _ _ - - _ . - _ - - - - - - - - - - - - . - - - -  

1 0 .38662 0.00285 
1 0 . 3 8 7 2 9  0 .00282 
j 0 . 3 8 7 4 2  0 . 0 0 2 6 6  
1 0 . 3 8 7 8 1  0 .00255 
I 0.38729 0 .00218 .. ~~ 

j 0.38819 0 .00196 
I 0 . 3 9 0 2 5  0 .00175 
1 0 . 3 9 0 2 2  0 . 0 0 1 6 6  
1 0.38978 0 .00159 
1 0 . 3 8 9 2 2  0 .00140 

1 0.38913 0 . 0 0 1 3 7  
1 0 . 3 8 9 1 8  0 . 0 0 1 3 0  
I 0 . 3 8 8 9 5  0 .00128 
I 0.38922 0 .00124 
I 0 . 3 8 9 3 5  0 .00123 
1 0 .38906 0 . 0 0 1 4 1  
I 0 .38907 0.00136 
1 0.38919 0 .00127 
I 0 .38922 0 .00124 
I 0 .38928 0.00121 

1 0.3R937 0 .00118 
I 0 .38929 0.00116 

1 0 .38925 0 .00116 
I 0 .38957 0 . 0 0 1 1 5  
I 0.39010 0 .00122 
I 0 . 3 8 9 8 6  0 .00118 
I 0 .38954 0 . 0 0 1 2 1  

__________-_--_____--. 

- - - _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - -  

3R90 
3646 
3782 
3830 
4857 
5663 
6787 
7137 

8 9 1 1  

8917 
9 4 9 1  
9303 
9520 
9266 
6739 
6971 
7708 
7873 
8035 

8095 

7896 
7772 
6777 
6998 
6515 

7287 

.__.- 

8085 1 o z  
c) 
m m 
1 
0 
0 
r 



4000 I 0.36775 0 , 3 6 7 7 5  0 .39082 0.39152 0.00143 0.39152 0.00143 0.38794 0 .00114 0 .38909 0 .00113 7250 
3902 1 0 .33304 0 , 3 9 3 0 4  0 .38748 [ 0.39156 0 .00140 7398 
4248 I 0 . 3 8 4 5 3  0 .38453 0 .38212 1 0.39139 0 .00137 0.39139 0 .  00137 0 .38778 0 . 0 0 1 0 9  1 0.38894 0 .00109 7390 

0 . 3 9 1 5 6  0.00140 0 ,38793 0 . 0 0 1 1 1  I 0.38910 0 . 0 0 1 1 0  
5R 
59 
60 

6 1  
62 
63 
64 
65 
66 
67 
68 
69 
7 0  

7 1  
7 2  
73  
7 4  
7 5  
76  
7 1  
7R 
79 
RO 

- - - - - - 

- - - - - - - . 

. . - - - - - - 
a i  

a4 

82 
8 3  

R 5  
R6 
A7 
R R  
89 
90 

3900 
4085 
4027 
3979 
3 9 5 1  
4096 
3978 
3989 
3986 
3940 

3957 
4115 
3912 
3959 
3932 
4068 
4053 
4 1 3 1  
3944 
3987 

- - - - - - - - 

0 .39295 0 .39295 
0.39910 0.39910 
0 .39556 0 .39556 
0 .39072 0 .39072 
0 .40013 0 .40013 
0 .39798 0 .39798 
0 .39517 0.39517 
0 .39452 0 .39452 
0 .38927 0 ,38927 
0 .38417 0.3R417 

0 .39676 
0 . 3 9 4 0 2  
0 . 3 9 3 6 6  
0 . 3 8 3 1 8  
0 . 4 0 3 4 4  
0 .39144 
0 . 3 8 8 5 6  
0 . 3 9 3 3 4  
0 . 3 8 5 1 1  
0 . 3 8 5 3 1  

0 .39143 0 . 0 0 1 3 4  
0 .39161 0 .00132 
0 .39170 0 .00129 
0 .39168 0 ,00126 
0 .39187 0 ,00125 
0.39200 0.00123 
0.39207 0 .00120 
0 . 3 9 2 1 2  0 .00118 
0 . 3 9 2 0 6  0 . 0 0 1 1 6  
0 . 3 9 1 9 0  0 .00114 

0.39143 0.00134 
0 . 3 9 1 6 1  0.00132 
0.39170 0 .00129 
0.39168 0 .00126 
0 .39187 0 ,00125 
0 .39200 0,00123 
0 .39207 0 , 0 0 1 2 0  
0 .39212 0 .00118 
0.39206 0 .00116 
0 .39190 0 .00114 

0 .38800 0 .00108 
0 .38814 0 . 0 0 1 0 7  
0 .38827 0 .00105 
0 .38816 0.00103 
0 .38850 0.00106 
0 .38856 0 .00104 
0 .38856 0 .00102 
0 .38866 0 . 0 0 1 0 0  
0 . 3 8 8 5 9  0.00099 
0.38852 0 .00097 

0 .38915 0.00107 7493 
0 .38929 0.00106 7442 
0 .38942 0 . 0 0 1 0 4  7518 
0 .38935 0.00103 7560 
0 .38973 0 .00104 7149 
0 . 3 8 9 8 1  0 . 0 0 1 0 3  7 1 8 6  
0.38983 0 . 0 0 1 0 1  7283 
0 .38992 0 .00099 7399 
0 .38985 0 . 0 0 0 9 8  7 4 8 1  
0 . 3 8 9 7 3  0.00096 7585 

. - - - - - - - 
0 .39702 
0 .38738 
0.38278 
0 .37569 
0 , 3 8 2 8 0  
0 . 3 8 5 6 5  
0 . 3 9 9 2 1  
0 .39127 
0 . 3 8 8 1 0  
0.38573 

_ _ _ _ _ _ _ _ - _ - - - _ _ _ - _ -  
0.39702 0 . 3 9 3 5 4  
0 .38738 0 . 3 8 5 8 1  
0 .38278 0 . 3 7 6 2 3  
0 . 3 7 5 6 9  0 .38594 
0 . 3 8 2 8 0  0 . 3 8 5 6 9  
0 .38565 0 , 3 8 8 4 0  
0 . 3 9 9 2 1  0 . 3 9 6 3 4  
0 .39127 0 . 3 7 6 3 1  
0 .38810 0 . 3 9 5 0 3  
0 .38573 0 . 3 8 0 2 5  

0 . 3 9 2 0 0  0 .00113 
0 .39191 0 .00111 
0.39174 0 .00110 
0.39144 0 , 0 0 1 1 2  
0 .39129 0 . 0 0 1 1 1  
0 .39119 0 ,00110 
0 .39133 0 .00109 
0 .39133 0 .00107 
0.39127 0 .00105 
0 . 3 9 1 1 8  0 .00104 

0 .39200 0 .00113 
0 . 3 9 1 9 1  0 . 0 0 1 1 1  
0.39174 0.00110 
0.39144 0 .00112 
0 .39129 0 . 0 0 1 1 1  
0 .39119 0.00110 
0 .39133 0 . 0 0 1 0 9  
0 .39133 0 .00107 
0 .39127 0 .00105 
0 .39118 0.00104 

0 .38862 0 .00095 
0 .38857 0 .00094 
0 .38833 0 .00095 
0 .38829 0 .00093 
0 . 3 8 8 2 4  0.00092 
0 .38824 0.00090 
0 .38839 0 .00089 
0 .38818 0 .00090 
0 .38829 0 . 0 0 0 9 0  
0 .38816 0 . 0 0 0 8 9  

0 .38983 0 . 0 0 0 9 5  
0 .38976 0 .00093 
0 .38958 0.00095 

'0 .38935 0 .00093 
0 . 3 6 9 2 5  0 . 0 0 0 9 1  
0 . 3 8 9 2 1  0 . 0 0 0 8 9  
0.38935 0 . 0 0 0 8 9  
0 . 3 8 9 2 9  0 . 0 0 0 9 0  
0 .38937 0 .00087 
0 .38927 0 .00087 1 0.38943 0 . 0 0 0 8 6  
0 .38930 0 .00086 
0 .38973 0 .00093 
0 .38969 0 .00092 I 0 .38998 0 .00092 

1 0 .38987 0 . 0 0 0 9 0  
I 0.38985 0 . 0 0 0 9 0  
I 0 . 3 9 0 0 1  0 . 0 0 0 9 0  
I 0 .38983 0 . 0 0 0 8 8  
I 0 .38965 0 .00087 

- _ - _ _ _ _ _ _ _ - _ - _ - - - _ - -  

7619 
7724 ' 
7340 
7502 
7628 
7818 
7718 
7522 
7746 
7666 

- - - - - - - - 
7685 
7638 
6378 
6448 
6407 
6523 
6506 
6379 
6515 
6682 

_ _ _ - _ _ _ _ _ _ _ -  
0 . 3 9 7 9 5  1 
0 . 3 8 1 5 1 '  1 
0 .41270 I 
0 . 3 8 5 9 0  1 
0 . 4 0 6 0 5  1 
0 . 3 8 7 7 6  I 
0 . 3 7 8 5 8  I 
0.39964 1 
0 . 3 8 8 8 4  I 
0 . 3 9 0 4 9  I 

- - _ - _ - - - _ _ _ _ _ - _ - _ -  
0.39124 0 .00102 
0 .39111 0 , 0 0 1 0 1  
0 . 3 9 1 4 5  0 .00105 
0 . 3 9 1 4 2  0 ,00104 
0 . 3 9 1 4 7  0 .00102 
0 .39132 0 .00102 
0 .39137 0 . 0 0 1 0 1  
0.39152 0.00100 
0 .39127 0 .00102 
0 .39097 0 ,00105 

_ - - _ - _ _ _ _ _ _ _ _ _ _ _ - _  
0 . 3 9 1 2 4  0.00102 
0 . 3 9 1 1 1  0 . 0 0 1 0 1  
0 .39145 0 .00105 
0 .39142 0 . 0 0 1 0 4  
0 .39147 0 .00102 
0.39132 0.00102 
0 .39137 0 . 0 0 1 0 1  
0 .39152 0.00100 
0.39127 0.00102 
0 .39097 0 .00105 

3995 
4092 
3889 
4309 
3774 
4063 
3 8 5 1  
4119 
4080 
3724 

0 .39470 
0 .38336 
0 .41274 
0 .38910 
0 .39522 
0 . 3 8 1 0 6  
0 . 3 9 4 7 1  
0 .40157 
0 . 3 7 4 5 1  
0 . 3 7 0 0 0  

0 . 3 9 4 7 0  
0 . 3 8 3 3 6  
0 .41274 
0 . 3 8 9 1 0  
0 . 3 9 5 2 2  
0 .38106 
0 . 3 9 4 7 1  
0 .40157 
0 . 3 7 4 5 1  
0 .37000 

0 .38832 0 .00089 
0 . 3 8 8 2 1  0 .00088 
0 . 3 8 8 6 0  0 . 0 0 0 9 5  
0 .38856 0 . 0 0 0 9 4  

0 . 3 8 8 8 1  0 .00095 
0 .38866 0 .00095 
0 .38882 0 .00095 
0 .38882 0 .00093 
0.38884 0 .00092 

0 . 3 8 ~ 8 3  o.00096 

9 1  
92 
93 
94 
95  
96  
97 
98  
99 

100 
- - - - - - - - - 

3973 I 0 .38996 0 .38996 0 . 3 8 8 6 7  
4186 1 0 .38329 0 .38329 0 . 3 9 8 3 9  
3943 I 0 .38968 0 . 3 8 9 6 8  0 . 3 9 5 6 7  
4058 I 0 . 3 8 3 5 7  0 .38357 0 , 3 8 9 4 0  
3932 I 0 .39243 0 .39243 0 .38513 
4104 1 0.38826 0 , 3 8 8 2 6  0 . 3 9 3 7 6  
3944 I 0 . 3 8 8 0 0  0.3R800 0.38613 
4010 I 0 . 4 0 2 1 5  0 .90215 0 .40689 
4172 I 0 . 3 7 8 1 8  0.37818 0 . 3 9 9 6 7  
3736 [ 0 .38723 0 .38723 0 .38959 _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0 .39095 0 .00103 
0 .39085 0 .00102 
0 .39083 0 , 0 0 1 0 1  
0.39073 0,00100 
0.39076 0 ,00099 
0.39072 0.00098 
0 .39069 0 .00096 
0.39083 0.00096 
0.3.9067 0 .00096 
0.39063 0 . 0 0 0 9 5  

0 .39095 0 . 0 0 1 0 3  
0 .39085 0.00102 
0 .39083 0 .00101 
0 .39073 0 .00100 
0 . 3 9 0 7 6  0.00099 
0 .39072 0 . 0 0 0 9 8  
0 . 3 9 0 6 9  0 .00096 
0 .39083 0.00096 
0 .39067 0 .00096 
0 .39063 0 .00095 

0.38884 0 . 0 0 0 9 1  
0.38897 0.00090 
0.38907 0 . 0 0 0 8 9  
0.38907 0 .00088 
0.38902 0 .00087 
0.38908 0 . 0 0 0 8 6  
0 .38904 0 . 0 0 0 8 5  
0 . 3 8 9 2 7  0.00087 
0 .38940 0 .00087 
0.38934 0 . 0 0 0 8 6  

0 .38937 0 .000R5 
0.38939 0 . 0 0 0 8 4  
0 .38951 0 . 0 0 0 8 4  
0 . 3 8 9 3 5  0 .00084 
0 .38935 0 .00083 
0.38934 0 .00082 
0 .38931 0 . 0 0 0 8 2  
0 .38933 0 . 0 0 0 8 1  
0 .38934 0 .00080 
0 .38935 0 .00079 

-----_____._-.__-_ 

0.38964 0 . 0 0 0 8 5  
1 0.38970 0 .00084 
I 0 .38976 0 .00082 
[ 0 . 3 8 9 7 2  0 . 0 0 0 8 1  
1 0 .38970 0 . 0 0 0 8 0  
I 0 . 3 8 9 7 3  0 .00079 
I 0 .38969 0 .00078 
I 0 . 3 8 9 9 1  0 .00080 
[ 0 .38993 0 .00078 
1 0 .38988 0 . 0 0 0 7 7  
-_-___-_-___-_-___-. 

6779 
6960 
7069 
7184 
7 2 5 1  
7372 
7450 
7 1 0 1  
7285 
7339 

7424 
7507 
7607 
7468 
7554 
7644 
7722 
7819 
7832 
7916 

7 8 1 1  
7898 
7 5 0 1  

_ _ - _ -  

.____ 

0.39042 0 , 0 0 0 9 6  
0 .39045 0 ,00095 
0 .39039 0 .00094 
0.39032 0.00094 
0.39023 0.00093 
0 . 3 9 0 2 1  0.00092 
0 .39022 0 .00091 
0 .39020 0 .00090 
0.39034 0 .00090 
0 . 3 9 0 2 1  0 ,00090 

0 .39042 0 .00096 
0.39045 0 .00095 
0 . 3 9 0 3 9  0 .00094 
0 . 3 9 0 3 2  0.00094 
0.39023 0 .00093 
0 . 3 9 0 2 1  0 .00092 
0 . 3 9 0 2 2  0 . 0 0 0 9 1  
0 . 3 9 0 2 0  0 .00090 
0 .39034 0 .00090 
0 . 3 9 0 2 1  0 .00090 

0 .39013 0 .00089 
0 . 3 9 0 1 1  0.00088 
0 .38993 0 ,00089 

_ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _  

I 
I 

I 
I 
I 
I 
I 
I 
I 

I 

I 

0.3A979 0 . 0 0 0 7 6  
0 . 3 R 9 8 1  0 .00075 

'0 .38987 0 .00075 
0 .38975 0 .00075 
0 . 3 8 9 7 1  0 .00074 
0 .38970 0 .00073 
0 . 3 8 9 6 9  0 .00072 
0 .38969 0 . 0 0 0 7 1  
0 .38974 0 . 0 0 0 7 1  
0 .38969 0 .00070 

1 0 1  
1 0 2  
103 
104 
105 
106 
107 
108 
109 
110 

111 
112 
113 

_ _ _ _ _ _ _ r _ _ _ _  

4113 I 0 .37344 
3869 1 0 . 3 9 3 1 5  
4197 I 0 . 3 8 5 4 7  

0.37344 0 .3916R 
0 .39315 0 , 3 9 1 2 7  
0 .38547 0 , 3 9 8 9 5  
0 . 3 8 3 9 6  0.37633 
0 .38310 0 , 3 8 9 2 8  
0 .38833 0 . 3 8 8 6 0  
0 .39150 0 . 3 8 6 6 0  
0 .38842 0 . 3 9 0 9 2  
0 .40208 0 .39003 
0 .37909 0 , 3 9 0 4 8  

3896 j 0 . 3 8 3 9 6  
3980 I 0 . 3 8 3 1 0  
4007 1 0 .38833 
4071 I 0 . 3 9 1 5 0  
4 0 3 1  1 0 .38842 
3983 I 0 . 4 0 2 0 8  
4138 1 0 .37909 

3778 [ 0 .38319 
4012 1 0 .38795 
4033 1 0 . 3 7 3 4 1  

_ _ _ - - - _ _ _ - - - - _ _ _  
0.38319 0 , 3 7 8 0 9  
0 .38795 0 . 3 8 8 5 6  
0 .37341 0.37374 

0.39013 0 ,00089 
0 . 3 9 0 1 1  0 .00088 
0 . 3 8 9 9 3  0 .00089 

0.38923 0 .00079 
0.38922 0.00078 
0 .38905 0 .00079 

0 .38959 0 . 0 0 0 7 0  
0 .38958 0.00069 
0 . 3 8 9 4 0  0 . 0 0 0 7 1  

q P 



114 
1 1 5  
1 1 6  
1 1 7  
1 1 8  
119 
1 2 0  

- - - . - - - - 

3836 
3896 
4305 
3786 
4036 
4246 
3 8 0 1  

_ _ - _ _ _  

I 0 . 3 6 6 8 7  
1 '0.39318 
I 0 .37475 
I 0.37705 
I 0 . 4 0 1 1 1  
I 0 .38279 
I 0 . 4 0 4 2 3  
- - - - - - - -. 

0.36687 0 .38266 
0 . 3 9 3 1 8  0 .39872 
0 . 3 7 4 7 5  0 .38536 
0 . 3 7 7 0 5  0 .39954 
0 . 4 0 1 1 1  0 .39072 
0 .38279 0 .38966 
0 .40423 0 .39728 

- -_----. 

1 0 .38969 0 . 0 0 0 9 1  
I 0.38972 0 . 0 0 0 9 0  
1 0 . 3 8 9 5 7  0 . 0 0 0 9 1  
/ 0.38944 0 .00093 
1 0 .38956 0 . 0 0 0 9 1  
1 0.38949 0 . 0 0 0 9 0  
1 0 .38964 0 . 0 0 0 9 0  

0.38969 0 .00091 0 .38898 0.00078 I 0 .38924 0 . 0 0 0 7 1  
0 .38972 0 . 0 0 0 9 0  0 .38909 0 .00078 1 0.38933 0 . 0 0 0 7 1  
0 .38957 0 .00091 0 .38905 0 .00078 I 0 .38924 0 . 0 0 0 7 1  
0.38944 0 . 0 0 0 9 1  0 . 3 8 9 1 6  0 . 0 0 0 7 8  I 0 . 3 8 9 2 6  0 .00070 
0 . 3 8 9 5 6  0 . 0 0 0 9 1  0 .38917 0 .00077 I 0 , 3 8 9 3 1  0 . 0 0 0 6 9  
0.38949 0 .00090 0 .38918 0 .00076 I 0 .38929 0 . 0 0 0 6 9  
0 .38964 0.00090 0.38926 0 .00076 1 0 .38939 0 . 0 0 0 6 9  

7323 
7324 
7 3 0 7  
7399 
7428 
7500 
7 4 0 1  
.____ 

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0 , 4 1 2 7 4  on cycle R3 collision 0.36687 on cycle 114 
absorption 0.41274 on cycle 87 absorption 0.36687 on cycle 114 

track length 0 , 4 1 2 7 0  on cycle 83 track length 0 . 3 6 8 3 1  on cycle 4 6  
lplct oE the estimated col/abs/track-length kef€ one standard deviation interval versus cycle number 1 1  = final kef€ = 0 .389391 

cyc 1 P 
number 

2 6  
2 '7 
2 8  
29  
30  
3 1  
32 
33 
34 
3 5  
3 6  
37 

' 38  
39 
4 0  
41 
4 2  
43 
1 4  
45  
46 
47 
48 
49 
50  
5 1  
52 
53 
54 
55 
56  
5 1  
58  
59  
60  
6 1  
62 
6 3  
64 
65 
66 
67 
6R 

6 1  
7 1  
8 1  
9 1  

1 0  I 
11 I 
12 I 
13 I 
14 I 
1 5  + 
1 6  
17  
1 8  
19 
20  
2 1  
22 
2 3  
24 
25 
2 6  
27 
2R 
29 
30 
3 1  
3 2  
33 
34 
35 
36  
37 
3 R  
39 
40 
4 1  
42 
43 
44 
15 
4 6  
47 
4R 

_ -  

, 4 0  

02 
r) 
Kn 

t: 
0 
0 
P 
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7 1  
7 2  
73 
74 
75  
7 6  
77 
78  
79 
80 
8 1  
82 
R 3  
R4 
85  
86  
A7 
8 8  
89 
9 0  
9 1  
92 
9 3  
94 
95  
96 
97 
98  
99 
100 
101 
102 
1 O ?  
1 0 4  
1 0 5  
1 0 6  
107 
108 
109 
110 
111 
1 1 2  
113  
1 1 4  
1 1 5  
116 
117 
118 
1 1 9  
1 2 0  

- ^  
I U  

4 9  I 

52 I 
53  I 
54 I 
56 I 
57 I 
5 8  I 
59 I 
60 I 
61 I 
6 3  1 
64 1 
6 5  + 
6 6  I 
67 I 
68 I 
69 I 
70  I 
7 1  I 
72 I 
7 3  I 
74 I 
76 I 
77 I 
78 I 
79 I 
80 I 
8 1  I 
8 3  I 
“I I 

8 6  I 
87  I 
88 I 
89 I 
90 I 
9 1  I 
92 I 
93 I 
94 I 
96 I 
97 I 

;; j 

55 + 

62 I 

75 + 

R2 I 

85  + 

95 + 

999” j .  
1 0 0  I _ _ - _  

0 . 3 8  

+ 
I 

+ 

lindividual and collision/absorption/track-length keffs for different numbers of inactive cycles skipped €or fission source settling 

skip active active average keff estimators and deviations normality average k(c/a/t) k(c/a/t) confidence intervals 
cycles cycles neutrons k(co1) st dev k(abs1 st dev k(trk) st dev co/ab/tl k(c/a/t) st dev 9 5 %  confidence 99% confidence 

0 1 2 0  4773111 0 . 3 8 9 0  0 .0011  0 . 3 R 9 0  0 .0011  0 . 3 8 8 6  0 . 0 0 0 9  lno/no/no 0 . 3 8 8 6 8  0 , 0 0 0 8 9  0 . 3 8 6 9 2 - 0 . 3 9 0 4 5  0 . 3 8 6 3 4 - 0 . 3 9 1 0 3  
1 119 4733111 0 .3R83 0 . 0 0 0 9  0 . 3 8 8 3  0 . 0 0 0 9  0 . 3 8 8 1  0 . 0 0 0 7  ) 9 5 / 9 5 / 9 5 1  0 . 3 8 8 1 5  0 . 0 0 0 6 9  0 . 3 8 6 7 7 - 0 . 3 8 9 5 4  0 . 3 8 6 3 2 - 0 . 3 8 9 9 9  
2 1 1 A  4 7 1 4 4 3 )  0.3R84 0 . 0 0 0 9  0.3RR4 0 . 0 0 0 9  0 . 3 8 8 1  0 . 0 0 0 7  1 9 5 / 9 5 / 9 5 )  0 . 3 8 8 1 6  0,00070 0 . 3 8 6 7 6 - 0 . 3 8 9 5 5  0 . 3 8 6 3 1 - 0 . 3 9 0 0 0  

1 1  o z  
2 1  I 

0 



f 

3 117 
4 116 
5 115 
6 1 1 4  
7 113 
8 112 
9 111 
10 110 

468142 1 
464289 1 
460218 I 
456258 1 
452377 1 
4482281 
444205 I 
440231 I 

- - - - - - - - 

0.3885 0.0009 
0.3886 0.0009 
0.3888 0.0009 
0.3R90 0.0009 
0.3890 0.0009 
0.3891 0.0009 
0.3892 0.0009 
0.3891 0.0009 

0.3885 0.0009 
0.3886 0.0009 
0.3888 0.0009 
0.3890 0,0009 
0.3890 0.0009 
0.3891 0.0009 
0.3892 0.0009 
0.3891 0.0009 

0.38641-0.39010 
0.38650-0.39020 

0.38687-0.39045 
0.38698-0.39054 
0.38704-0.39061 
0.38712-0.39070 
0.38708-0.39069 

0.3a665-0.39031 

- - - _ - - _ - _ _ - _ _ _ _ _  

0.3881 0.0007 95/95/95 0.38826 0.00070 
0.3882 0.0007 195/95/95/ 0.38835 0.00070 

0.3888 0.0007 195/95/951 0.38891 0.00068 
0.3888 0.0007 195/95/951 0.38889 0.00058 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - ~ - - - - - -  

0.38686-0.38965 
0.38696-0.38974 
0.38710-0.38986 
0.38731-0.39001 
0.38741-0.39010 
0.38748-0.39017 
0.38756-0.39026 
0.38752-0.39025 

11 
12 
1.1 
14 
15 
16 
17 
18 
19 
20 

2 2  
24 
16 
2R 
30 
32 
34 
36 
38 
40 

__.__ 

109 
108 
107 
106 
105 
104 
103 
102 
101 
l o o *  

98 
96 
94 
92 
90 
88 
R6 
84 
82 
80 

- - - - - - - 

4360731 0.3892 0.0009 
4322431 0.3893 0.0009 
4281691 0.3895 0.0009 
4243201 0.3897 0.0009 
4203041 0.3898 0.0009 
416216) 0.3897 0.0009 
4119531 0.3897 0.0009 
408110( 0.3897 0.0009 
4040101 0.3897 0.0009 
4001161 0.3896 0.0009 

0.3892 0.0009 
0.3893 0.0009 
0.3895 0.0009 
0.3897 0.0009 
0.3898 0.0009 
0.3897 0.0009 
0.3897 0.0009 
0,3897 0,0009 
0.3897 0.0009 
0.3896 0.0009 

0.3888 0.0007 
0.3889 0.0007 
0.3889 0.0007 
0.3890 0.0008 
0.3R92 0.0007 
0.3891 0.0007 
0.3892 0.0007 
0.3892 0.0008 
0.3893 0.0007 
0.3893 0.0008 

0.3R92 0.0008 
0.3892 0.0008 
0.3894 0.0008 
0.3896 0.0008 
0.3896 0.0008 
0.3896 0.0008 
0.3896 0.0008 
0.3896 0.0009 
0.3895 0.0009 
0.3895 0.0009 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

95/95/95) 0.38896 0.00069 
95/95/95) 0.38900 0.00069 
95/95/95( 0.38913 0.00069 
95/95/951 0.38924 0.00069 
95/95/95( 0.38940 0.00067 
95/95/95( 0.38933 0.00067 
95/95/951 0.38940 0.00068 
95/95/95 0.38934 0.00068 
95/95/951 0.38942 0.00068 
95/95/95) 0.38939 0.00069 

0.38759-0.39033 
0.38763-0.39038 
0.38775-0.39050 
0.38787-0.39061 
0.38806-0.39074 
0.38799-0.39067 
0.38805-0.39075 
0.38799-0.39070 
0.38807-0.39078 
0.38R02-0.39076 

0.38795-0.39071 
0.38784-0.39064 
0.38797-0.39079 
0.38806-0.39093 
0.38800-0.39092 
0.38792-0.39090 
0.38782-0.39087 
0.38781-0.39092 
0.38769-0.39083 
0.38777-0.39098 

_ _ - _ _ - - _ _ _ _ _ _ - - _ -  

0.38715-0.39077 
0.38718-0.39083 
0.38731-0.39095 
0.38743-0.39106 
0.38763-0.39118 
0.38755-0.39111 
0.38761-0.39119 , 
0.38755-0.39114 
0.38762-0.39123 
0.38757-0.39121 

0.38750-0.39116 
0.38739-0.39110 
0.38750-0.39125 
0.38760-0.39139 
0.38752-0.39140 
0.38744-0.39139 
0.38732-0.39136 
0.38730-0.39143 
0.38717-0.39135 
0.38725-0.39150 

- - - _ - _ _ - _ _ - _ _ _ _ -  _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ - - _ - - -  
3921531 0.3895 0.0009 

. 3840831 0.3893 0.0009 
3762251 0.3893 0.0009 
3682551 0.3894 0.0009 
3599481 0.3892 0.0009 
3520671 0.3890 0.0010 
3440621 0.3889 0.0010 
3362211 0.3889 0.0010 
3291341 0.3888 0.0010 
3201821 0.3R91 0.0010 

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  
0.3895 0.0009 
0.3893 0.0009 
0.3893 0.0009 
0.3894 0.0009 
0.3892 0.0009 
0.3890 0.0010 
0.3889 0.0010 
0.3889 0.0010 
0.3888 0.0010 
0.3891 0.0010 

95/95/951 0.38933 0.00069 
95/95/95( 0.38924 0.00070 
95/95/951 0.38938 0.00071 
95/95/951 0.38950 0.00072 
95/95/95! 0.38946 0.00073 
95/95/95 0.38941 0.00075 
95/95/951 0.38934 0.00077 
95/95/95 0.38937 0.00078 
95/95/951 0.38926 0.00079 
95/95/95( 0.38938 0.000130 

0.3890 0.0010 
0.3890 0.0011 
0.3889 0.0011 
0.3889 0.0011 
0.3888 0.0011 
0.3886 0.0012 
0.3882 0.0012 
0.3RRO 0.0012 
0.3HP.5 0.0011 
0.3885 0.0012 

0.3882 0.0012 
0.3880 0.0012 
0.3876 0.0012 
0,3873 0.0013 
0.3874 0.0013 
0.3872 0.0014 
0.3875 0.0014 
0.3877 0.0015 
0.3873 0.0015 
0.3873 0.0015 

0.3872 0.0017 
0.3865 0.0016 
0.3864 0 . 0 0 1 6  
0.3856 0.0017 
0.3865 0.0016 
0.3865 0.0018 
0.3865 0.0019 
0.3R62 0.0020 
0.3854 0.0021 

. - - - - - - - - - - -. 

. - - - -. - - - - - - - -. 

0.3896 0.0009 
0.3897 0.0009 
0.3899 0.0009 
0.3899 0.0009 
0.3900 0.0009 
0.3901 0.0010 
0.3900 0.0010 
0.3899 0.0010 
0.3901 0.0010 
0.3902 0.0010 

0.3901 0.0010 
0.3901 0.0011 
0:3899 0.0011 
0.~3898 0.0011 
0.3900 0.0012 
0.3900 0.0012 
0.3904 0.0012 
0.3905 0.0013 
0.3907 0.0013 
0.3909 0.0013 

195/95/95) 0.38941 0.00083 
195/95/95) 0.38943 0.00084 
)95/95/95] 0.38961 0.00083 
195/95/95) 0.38959 0.00086 
195/95/95 0.38957 0.00088 
195/95/951 0.38961 0.00091 
)95/95/95( 0.38940 0.00094 
195/95/951 0.38922 0.00093 
195/95/95) 0.3894R 0.00093 
195/95/951 0.38960 0.00096 
______---__-____-__----.--- 

0.38776-0.39105 
0.38775-0.39111 
0.38794-0.39127 
0.38788-0.39130 
0.38780-0.39133 
0.38779-0.39142 
0.38753-0.39127 
0.38736-0.39108 
0,38762-0.39134 
0.38767-0.39152 

0.38740-0.39135 
0.38731-0.39140 
0.38696-0.39108 
0.38672-0.39101 
0.38677-0.39124 
0.38659-0.39125 
0.38696-0.39169 
0.38702-0.39193 
0.38698-0.39212 
0.38706-0.39242 

0.38703-0.39256 
0.38659-0.39172 
0.38644-0.39149 
0.38620-0.39149 
0,38625-0.39166 
0.38600-0.39174 
0.38570-0.39180 
0.38535-0.39205 
0.38486-0.39129 

- - - - . - .. - - - -. 

_____-_______-__-.  

0.38723-0.39159 
0.38720-0.39165 
0.38740-0.39181 
0.38732-0.39186 
0.38723-0.39191 
0.38719-0.39202 
0.38692-0.39189 
0.38675-0.39170 
0.38700-0.39196 
0.38704- 0.39216 

0.38675-0.39200 
0.38663-0.39208 
0.38628-0.39176 
0.38601-0.39173 
0.38603-0.39198 
0.38581-0.39202 
0.38617-0.39248 
0.38619-0.39276 
0.38611-0.39299 
0.38615-0.39333 

. - -____________-  

78 312074 
76 304119 
74 295959 
72 288029 
70 2A0029 
68 271999 
66 263885 
64 255896 
6 2  248107 
60 239957 

0.3890 0.0010 
0.3890 0.0011 
0.3889 0.0011 
0.3889 0.0011 
0.3RR8 0.0011 
0.3886 0.0012 
0.3R82 0.0012 
0.3RRO 0.0012 
0.3RR5 0.0011 
0.3885 0.0012 

42 
44 
46 
48 
50 
52 
54 
5 6  
5 R  
5 0  

62 
64 
66 
6 8  
70 
72 
74 
76 
78 
80 

82 
84 
86 
FIR 
90 
9 2  
’34 
96 
9 8  

195/95/95) 
195/95/95( 
195/95/95( 
195/95/951 
)95/95/951 
)95/95/951 

195/95/951 
195/95/951 
195/95/951 

/95/95/95) 

0.38938 0.00098 
0.38935 0.00102 
0.38902 0.00103 
0.38887 0.00107 
0.38900 0.00111 
0.38892 0.00115 
0.38932 0.00117 
0.38948 0.00122 
0.38955 0.00127 
0.38974 0.00132 

0.38980 0,00136 
0.38915 0.00126 
0.38897 0.00124 
0.3RRR4 0.00129 
0.38896 0.00132 
0.38887 0,00139 
0.38875 0.04147 
0.38870 0.00161 
0.388OR 0,00154 

5n 
55 
54 
52 
50 
4R 
46 
44 
42 
40 

2319721 0.3882 0.0012 
223966) 0.3880 0,0012 
2159191 0.3876 0.0012 
207952) 0.3873 0,0013 
2000261 0.3874 0.0013 
1919541 0.3872 0.0014 
1840831 0.3875 0.0014 
1760831 0.3877 0,0015 
1678991 0.3873 0.0015 
1599681 0.3873 0,0016 

151881) 0.3872 0.0017 
1436831 0.3865 0.0016 
1358461 0.3864 0.0016 
127R76 0.3856 0,0017 
1200721 0.3865 0.0016 
1119131 0.3865 0.0018 
1039121 0.3865 0.0019 
958761 0.3862 0.0020 
879221 0.3854 0.0021 

- _ _ - - _ - - - - - _ _ _ _ _ _ _ _ _ _ _ _ _  
38 
36 

0.3910 0.0013 )95/95/95( 
0.3905 0.0013 195/95/951 
0.3901 0.0013 195/95/95 
0.3902 0.0013 195/95/951 
0.3902 0.0013 195/95/951 
0.3900.0.0014 195/95/951 
0.3898 0.0015 195/95/951 
0.3898 0,0016 195/95/95( 
0.3892 0,0015 195/95/95( 

0.38609-0.39351 
0.38571-0.39260 
0.38556-0.39237 
0.3R528-0.39241 
0.3R530-0.39261 
0.38498-0.39276 
0.38461-0.39289 
0.38414-0.39326 
0.38368-0.39247 

34 
32 
30 
28 
26 
24 
22 

0 
0 
P 



100 20 800141 0.3857 0.0023 0.3857 0.0023 0.3889 0.0016 
_ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ - -  

102 18 
104 16 
106 14 
108 12 
110 10 
112 8 
114 6 
116 4 
117 3 
118 2 

72032 I 
63939 I 
55952 

39729 I 
319391 
24070 I 
15869) 
120831 
8047 I 

47850 [ 
0.3859 0.0024 
0.3861 0.0027 
0.3861 0.0031 
0.3855 0.0036 
0.3845 0.0039 
0.3842 0.0049 
0.3889 0.0051 
0.3913 0.0067 
0.3960 0.0067 
0.3935 0.0107 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0.3859 0.0024 
0.3861 0.0027 
0.3861 0.0031 
0.3855 0.0036 
0.3845 0.0039 
0.3842 0.0049 
0.3889 0.0051 
0.3913 0.0067 
0.3960 0.0067 
0.3935 0.0107 

- _ _ _ _ _ _ _ - - _ _ _ _ _  
0.3886 0.0018 
0.3888 0.0017 
0.3887 0.0020 
0.3887 0.0023 
0.3884 0.0027 
0.3897 0.0032 
0.3935 0.0024 
0.3943 0.0024 
0.3926 0.0024 
0.3935 0.0038 

95/95/95) 0.38815 0.00164 0.38469-3.39160 0.38340-0.39290 
______- - -_ -______________ 
95/95/95 0.38794 0.00179 
95/95/95 0.38844 0.00181 
95/95/95 0.38842 0.00208 
95/95/951 0.38836 0.00248 
95/95/951 0.38780 0.00309 
95/95/95 0.38942 0.00367 
95/95/95/ 0.39320 0.00283 
95/95/951 0.39384 0.00269 

_______--___-____. 

0.38413-0.39176 
0.38453-0.39235 
0.38385-0.39299 
0.38276-0.39397 
0.38050-0.39510 
0.37948-0.39936 
0.38418-0.40222 
0.35961-0.42808 

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  
0.38267-0.39322 
0.38298-0.39389 
0.38197-0.39487 
0.38031-0.39641 
0.37699-0.39861 
0.37383-0.40501 
0.37665-0.40975 
0.22238-0.56530 

the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with 15 inactive cycles and 105 active cycles. 

the first active half of the problem skips 20 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len keff, one standard deviation, and 6 8 ,  95, and 99 percent intervals for each active half of the problem are: 

keff standard deviation 68% confidence 95% confidence 99% confidence problem 

first half 0,38973 0.00096 0.38876 to 0.39070 0.36780 to 0.39167 0.38715 to 0.39231 

final result 0.38939 0.00069 0.38870 to 0.39006 0.38802 to 0.39076 0.38757 to 0.39121 
second half 0.38900 0.00111 0.38789 to 0.39012 0 . 3 ~ 6 7 7  to 0.39124 0.38603 to 0.39198 

the first and second half values of k(collision/absorption/track length) appear to be the same at the 68 percent confidence level 
lplot of the estimated col/abs/track-length keff one standard,deviation interval by active cycle number ( 1  = final keff 

inactive 
cycles 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2 3  
24 
25 
26 
27 
28 
29 

active ( 

cycles 
120 
119 
118 
117 
116 
115 
114 
113 
112 
111 
110 
109 
10R 
107 
106 
105 
104 
103 
102 
101 
100 
99 
98 
97 
96 
95 
94 
93 
92 
91 

= 0.38939) 

392 

+ 
I 
I 
I 
I 
I 
I 

I 
I 
+ 

I 
.I 



30 
3 1  
3 2  
33  
3 4  
3 5  
3 6  
37 
3 R  
39  
40 
3 1  
42 
43 
4 4  
45 
4 6  
47 
4 8  
4 9  
5 0  
5 1  
5 2  
53  
5 4  
5 5  
5 6  
5 7  
5 8  
5 9  
60 
6 1  
6 2  
63  
6 4  
6 5  
6 6  
67 
6R 
69  
7 0  
71 
72 
7 3  
7 4  
1 5  
76  
7 7  
78 
79 
R O  
R1 
R2 
8 3  
84 
R5 
8 6  
87 
8 8  
89  
90 
91 

90 
8 9  
8 8  
8 7  
8 6  
8 5  
8 4  
8 3  
82 
8 1  
8 0  
79 
7 8  
7 7  
76 
1 5  
7 4  
7 3  
7 2  
7 1  
70 
69 
6R 
67 
6 6  
65  
64  
63  
6 2  
61 
6 0  
59 
58 
57 
5 6  
5 5  
54 
53 
52 
5 1  + 
5 0  
49 
48  
47 
4 6  
4 5  
4 4  
43 
4 2  
4 1  
40 
39 
3 8  
37  
3 6  
3 5  
3 4  
3 3  
32 
3 1  + 

29 I 
30 I 

I 

+ 

+ 

t 

+ 

I 
0 2  
0 
cr, m 

I 
0 
0 
c1 



92 28 
9 3  27 
94 26 
95 25 
96 24 
97 23 
YE 22 
99 21 . 
100 20 
101 19  
102 18 
103 17 
104 16 
105 15 
106 14 
107 13 
108 12 
109 11 
110 10 

0 
_ _  
84 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

clump no. 5 on file lsllOr nps 7 477311 coll = 103110690 ctm = 51.27 nrn = 1759789542 

. 2 warning messages so f a r  

run terminated when 120 kcode cycles were done 

computer time = 51.29 minutes 

rncnp version 4a 10i01:93 11/28/00 22:57:24 probid = lli?Ri00 22:06:07 
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Attachment 5: Case 2 MCNP input file 

WVNS-NCSE-001 
REV. 0 



15310 
:c eff, 350g Pu-239 spheres in celulose matrix in 8-25 box (68"x54"x34.5") 
c 6 Cell cards 
C 
(1 _ _ - _ - _ _ _ _ - _ _ _ _ _ _ _ - _ _ - - - ~ _ ~ _ - - - - - - - ~ _ ~ - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - _ -  
1 1 -0.9 1 -2 3 -4 5 -6 8 9 10 11 imp:n=l S TRU box with celulose 
2 2 -2.3 1 -2 3 -4 -5 7 imp:n=l $ Concrete floor 
3 0 -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 
4 3 -19.76 -8 imp:n=l $ 1st Plutonium sphere 
S 3 -19.78 -9 imp:n=l S 2nd Plutonium sphere 
6 3 -19.78 -10 imp:n=l $ 3rd Plutonium sphere 
7 3 -19.78 -11 imp:n=l $ 4th Plutonium sphere 
c: - - -_-_--_-___-_-_-_-----_-------- - - - - - - - - -~-------- - - - - - - - - - - - - - - - - -__-_ 

c Note: next line must be completely blank 

c Surface cards c - - -_-_--_-____--__--------_-------_-------- - - - - - - - -_---_-------- - - -_----  
'1 px 0 
'2 px 172.72 $ B-25 box length (68") 
*3 PY 0 
*4 py 137.16 $ B-25 box width (54") 
5 pz 0 
6 pz 350.52 $ 4 tiers of B-25 box height (4~34.5" or 4~87.63 cm) 
7 PZ -300 
6 s 86.36 68.58 1.617 1.617 $ 1st Plutonium sphere 
9 s 86.36 68.58 173.643 1.617 $ 2nd Plutonium sphere 
1.3 s 86.36 68.58 176.877 1.617 $ 3rd Plutonium sphere 
11 s 86.36 68.58 348.903 1.617 S 4th Plutonium sphere 
c -_-__-______________-_-_-_-------- - - - - -_-------- - - - - - - - - - - - - - - - - - - - - - - - -  

c 

c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
C 
C 
c Celulose matrix (Elements: C. H. 0 )  
ml. 6000.50~ -0.444 

1001.50~ -0.062 
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0, Na, Si, A l ,  Ca, Fei 
m2 1001.50~ -0.010 

6016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

c Plutonium-239 
m3 94239.55~ -1.0 

mode n 
print 40 60 80 100 110 126 
kcode 4000 1. 20 120 

C 

WVNS-NCSE-OO~ 
REV. 0 

U 

at a1 

ksrc 86.36 68.58 1.617 
86.36 68.58 173.643 
86.36 68.58 176.877 
86.36 68.58 348.903 

Page 1 



WVNS-NCSE-001 
REV. 0 

Attachment 6: Case 2 MCNP output file 



lmcnp version 4a ld=10/01/93 12/05/00 16:57:33 
, t t * . . * , t t t t ~ * . * . t * * * , * ~ * . * ~ * * * . . ~ * * * * * * . ~ , . * * * * . * * ~ . * * * ~ * ~ ~ * ~ * * * * * * ~ * ~ * *  

name=ls310 

4 -  
5 -  
6- 
7- 
8-  
9- 
10- 
11- 
1 2 -  
13- 
1.1- 
1s- 
1 6 -  
17- 
1 R -  
19- 
2 0 -  
21- 

23- 
2 4 -  
35. 
26- 
27- 
2 R -  
29- 
30- 
31- 
32 - 
33- 
34- 
35- 
36- 
37- 
38- 
39- 
40- 
41- 
4 2 -  
43- 
4 4 -  
45- 
46- 
47- 
3 %  
49- 
50-  
5 1 -  
52- 
53- 
54 - 

77- ..L 

k eff, 350g Pu-239 spheres in celulose matrix in B-25 box (68"x54"x34.5"). 
C 
C Cell cards 
C c ____._______________~------.-------------------------------------------- 

1 1 -0.9 1 -2 3 -4 5 - 6  8 9 10 11 imp:n=l $ TRU box with celulose 
2 2 -2.3 1 -2 3 - 4  - 5  7 inip:n=l S Concrete floor 
3 0  -1 : 2 : -3 : 4 : -7 : 6 inip:n=O $ Outside world 
4 3 -19.78 - 8  imp:n=l $ 1st Plutonium sphere 
5 3 -19.78 -9 imp:n=l $ 2nd Plutonium sphere 
6 3 -19.78 -10 imp:n=l S 3rd Plutonium sphere 
7 3 -19.78 -11 imp:n=l $ 4th Plutonium sphere 
c ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Surface cards 
C .____-_-_____-______~----------.-------------_-------------------------- 
*1 px 0 
*2 px 172.72 $ 6-25 box length 168") 
*3 PY 0 
'4 py 137.16 $ B-25 box width (54") 

C 

5 pz 0 
6 pz 350.52 $ 4 tiers of  B-25 box height 14~34.5" or 4xR7.63 cm) 
7 pz -300 
8 s 86.36 68.58 1.617 1.617 $ 1st Plutonium sphere 
9 s 86.36 68.58 173.643 1.617 S 2nd Plutonium sphere 
10 s 86.36 68.58 176.877 1.617 S 3rd Plutonium sphere 
11 s 86.36 68.58 348.903 1.617 $ 4th Plutonium sphere c 
C 
c Note: next line must be completely blank 

c Data cards 

c Materials 
C 

C 
C 
c Celulose matrix (Elements: C, H. 0) 
ml 6000.50~ -0.444 

1001.50~ -0.062 
8016.50~ -0.493 

c Concrete'(KEN0 Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0, Na, Si, A l .  Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0,532 
11023.50~ -0.029 
13027.50C -0.034 
14000.50C -0.337 
20000.50~ - 0 , 0 4 4  
26000.55~ -0.014 

c Plutonium-239 
m3 94239.55~ -1.0 

probid = 12/05/00 16:57:33 

1 

0 
P I  



55- C 
56- mode n 
57 - print 40 60 80 100 110 126 
5A-  kcode 4000 1. 20 120 
59- ksrc 86.36 68.58 1.617 
60- 86.36 68.58 173.643 
61- 86.36 68.58 176.877 
62- 86.36 68.58 348.903 
63- 

tntal'fission nubar data are being used. 
l m a  t er ia 1 composition 

th.= sun1 of the fractions of material 1 was 9.9900006-01 

mat a r  ia 1 
number component nuclide, atom fraction 

1 6000, 0.285A8 1001, 0.47576 8016, 
1001, 0.16803 8016, 0.56324 11023, 

14000. 0.20319 20000, 0 . 0 1 8 5 9  26000, 
3 94239. 1.00000 

c 

0.23837 
0.02136 0.00425 

print table 40 

13027, 0.02134 

mater i a l  
number component nuclide. mass fraction 

1 6000, 0.44444 1001, 0.06206 80'16, 0,49349 
2 1001, 0.01000 8016, 0.53200 11023, 0,02900 13027, 0.03400 

14000, 0.33700 20000, 0.04400 26000, 0.01400 
3 94239, 1.00000 

warning. 1 of the materials had unnormalized fractions. 
lcells 

atom gram neutron 
cell mat density density volume mass pieces importance 

1 1 1 7.01524E-02 9.00000E-01 0.00000E+00 0.00000E+00 0 1.0000E+00 
2 2 2 8.17913E-02 2.30000E+00 7.10708E+06 1.63463E+07 0 1.0000E+00 
3 3 0 O.OOOOOE+OO 0.00000E+00 0.00000E+00 0.00000E+00 0 0.000DE+00 
4 4 3 4,982858-02 1.97800E+01 1.77100E*01 3.50304E202 1 1.0000E+00 
5 5 3 4.98285E-02 1.97800E+01 1.77100E+01 3.50304E+02 1 1.0000E+00 
6 6 3 4.98285E-02 1.978OOE+Ol 1.77100E+01 3.50304E+02 1 1.0000E+00 
7 7 3 4.9R2R5E-02 1.97800Ec01 1.77100E+01 3.50304Ec02 1 l.OOOOE+00 

total 7.10715E106 1.634778+07 

1 warning message so f a r .  
Icross-secticn tables 

table length 

tables from f i l e  critxs . .  
1001.50~ 1153 njoy 

print table 60 

print table 100 

I 1301) 79 /07/ 3 1 
1 
0 
0 
P 



16126 njoy 
23669 njoy 
36270 njoy 
22891 njoy 
48275 njoy 
26104 njoy 
R4136 njoy 
67551 njoy total nu 

( 1306) 79/07/31. 
I 1276) 05/14/81 

( 1311) 79/06/21. 
I 1313) 79/09/08. 
( 1314) 79/06/21. 
( 1320) 79/06/22. 
( 260) 10/21/82 

( 1399) 02/21/R5 

total 326175 

warning. neutron energy cutoff is below some cross-section tables 

decimal words of dynamically allocated storage 

general 110448 
tallies 0 
bank 6403 
CKOSS sections 326175 

total 443026 

. t * r l t * + t t t * * . , * L * * + ~ ~ ~ ~ ~ ~ + * ~ * ~ , ~ , * * * , * ~ * * ~ , * ~ ~ ~ . * " * * * . * * * ~ * * * ~ * * ~ , * * ~ ~ * ~ * , , * * * ~ * * * , . * * * * * , * * ~ ~ ~ * ~ * ~ * * . * * . * * * * ~ ~ * ~ * * . ~ *  

dump no. 1 on file ls310r nps = 0 COll = 0 ctm = 0.00 nrn = 0 

source distribution written to file ls310s cycle = 0 

2 warning messages so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

k e f f ,  350q Pu-239 spheres in celulose matrix in B - - 2 5  box' (6R"x54"x34.5") 

print table 110 

nps x Y 2 cell surf u V W energy weiqht time 

1 8.636E+01 
2 8.6368+01 
3 8.636€+01 
4 R.636E+01 
5 8.636E+01 
6 8.636E+01 
7 8.636E+01 
8 8.636Er01 
9 8.636Ec01 
10 8.636E+01 
11 8.636E+01 
12 8.636E+01 
13 8.636€+01 
1 4  8.636€+01 
15 8.636E+01 
16 8.636€+01 
17 R.636Et01 
18  A.636€+01 

6 .  858E+01 
6.858E+01 
6.858€+01 
6.858&+01 
6.858E+01 
6.858E+01 
6.858E+01 
6.858E+Ol 
6.8586+01 
6.858E+01 
6 .  858E+01 
6 .  R58E+01 
6.858€+01 
6.858E+Ol 
6.8583+01 
6.858€+01 
6 .R58E+01 
6.85RE+01 

1.617E+00 
1.617Et00 
1.617Et00 
1,617Et00 
1.617E100 
1.617E+00 
1.617E+00 
1.617E+00 
1.617E+00 
1.617E+00 
1.617€+00 
1.617E+00 
1.617E+00 
1.617€+00 
1.617E+00 
1.617E+00 
1.617E+00 
1.617E100 

4 0 5.085E-01 
4 0 8.9528-01 
4 0 -6.184E-01 
4 0 9.710E-01' 
4 0 5.861E-01 
4 0 -6.4893-02 
4 0 -7.068E-02 
4 0 -3.915E-01 
4 0 -2.368E-01 
4 0 1.9468-01 
4 0 -6.698E-01 
4 0 -8.398E-01 
4 0 -1.714E-01 
4 0 -2.489E-01 
4 0 -2.959E-01 
4 0 1.395E-01 
4 0 6.909E-01 
4 0 -6.5ROE-01 

4.733E-01 7.193E-01 
-4.447E-01 -2.944E-02 
-4.495E-01 6.446E-01 
-5.665E-02 -2.323E-01 
1.496E-01 -7.963E-01 
-1.626E-01 9.845E-01 
3.263E-02 -9.970E-01 
4.664E-01 -7.932E-01 
9.2153-01 -3.079E-01 
-3.204E-01 9.271E-01 
-7.177E-01 -1.905E-01 
-4.129E-01 3.524E-01 
-8.5728-01 4.857E-01 
-5.118E-01 -8.2228-01 
2.119E-01 9.314E-01 
-9.829E-01 1.202.E-01 
-7.110E-01 1.307E-01 
5.320E-01 -5.329E-01 

2.209E+00 
4.904E100 
3.809E-01 
1.331Ec00 
1.902E+00 
4.410E-01 
4.750E-01 
4.136€+00 
7.453E-02 
3.128€+00 
1.014Et00 
1.395E+00 

1.101E+00 
1.951E+00 
2.186E+00 
1.865Ei00 

7.748E-01 

I .229E+00 

1.00OE+00 
1.000Et.00 
1.000E+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
l.OOOE+OO 
1.000Ec00 
1 .OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000E+00 

O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0. OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 

(. 



c 
19 8.6368+01 
20 8.636E+01 
21 8.636Ec01 
27- 8.636Et01 
23 8.636E+Ol 
24 8.636E+01 
25  R.636Et01 
26 8.636Ec01 
27 U 636E+01 
l R  R 636E+01 
7-9 U.636Et01 
30 R.636E+01 
31 R.636E+01 
32 R.6366+01 
33 8.636E+01 
34 R.636E+01 
35 8.636E+01 
36 8.636E+01 
37 8.636E+01 
38 R.636E+01 
39 8.636E+01 
40 R.6368+01 
41 8.636E+01 
4 2  8.636E+01 
43 8.636E+01 
44 fi.636E+01 
45 8.636Et01 
46 8.636E+01 
47 '8.636E+01 
48  R.636E+01 
49 8.636E+01 
50 R 636Ei01 

lestimated keff res 

6.858E+01 
6.858Ec01 
6.858E+01 
6.8588+01 
6.858E+01 
6.85RE+01 
6.85REc01 
6,85RE+01 
6, R5REtOl 
6 ,  R5RE+O1 
6 ,  R5REtOl 
6.858E+01 
6.858E+01 
6. 858E+Ol 
6.858E+01 
6. U58E+01 
6.858Es01 
6.858E+01 
6 .  R58E+O1 
6.85RE+01 
6.858E+O1 
6.85RE+01 
6.858E+01 
6 ,  R5,8E+01 
6.858E+Ol 
6.85RE+01 
6.858E+01 
6. R58E+01 
6.858Ec01 
6.858E+Ol 
6. R58E+01 
6. U58E+01 

ults by cy( 

1.617E+00 
1.617E+00 
1.617Et00 
1.617E+00 
1 I 617E+00 
1.617E+OO 
1.617E+00 
1.617€+00 
1.617Ec00 
1.617E+00 
1.617EtOO 
1.617Ec00 
1,617E+00 
1.617E+00 
1. 617E+00 
1.617E+00 
1.617E+00 
1.617Ec00 
1.617E+00 
1.617EtOO 
1.617E+00 
1.617E+00 
1.617E100 
1.617E+00 
1.617Ei00 
1.617Et00 
1.617E+00 
1.617E+00 
1.617E+00 
1.617E+00 
1.617E+00 
1.617E+00 

:le 

v u r c e  distribution written to file l s 3 1 0 s  

source distribution written to file is31Os 

source distribution written to file ls310s 

source distribution written to file ls310s 

source distribution written to file 1~310s 

source distribution written to file 1~310s 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 -9.903E-01 -1.380E-01 1.353E-02 
0 7.4623-01 4.859E-01 -4.5518-01 
0 -1.9778-01 9.797E-01 3.360E-02 
0 -9.117E-01 -3.647E-01 -1.891E-01 
0 -4.287E-01 8.361E-01 -3.9233-01 
0 1.080E-01 3.412E-01 -9,338E-01 
0 -9.111E-01 -9.0128-03 -4.12ZE-01 
0 -2.56RE-01 -6.39l.E-01 -7.249E-01 
0 -2.912E-01 R.086E-01 5.113E-01 
0 1.4728-01 -9.514E-01 2.705E-01 
0 -6.1358-01 -7.645E-01 -1.9788-01 
0 -5.7028-01 5.651E-01 -5.963E-01 
0 -6.6078-01 5.373E-01 -5.242E-01 
0 -9.742E-02 -3.639E-01 -9.263E-01 
0 -1.9658-01 -3.1458-01 -9.287E-01 
0 4.097E-01 8.465E-01 -3.399E-01 
0 -4.048E-02 8.831E-01 4.675E-01 
0 3.3718-01 -9.269E-01 -1.652E-01 
0 -1.867E-01 9.756E-01 -1.155E-01 
0 -2.616E-01 2.336E-01 -9.365E-01 
0 9.7803-01 -7.6413-02 -1.939E-01 
0 2.5ROE-01 -7.076E-01 6.578E-01 
0 -3.212E-01 -7.678E-01 -5.543E-01 
0 5.039E-01 -1.460E-01 8.513E-01 
0 6.OROE-01 5.487E-01 5.738E-01 
0 -2.93ZE-01 9.304E-01 -2.199E-01 
0 -R.475E-01 -3.993E-01 -3.497E-01 
0 1.200E-01 -9.195E-01 -3.743E-01 
0 7.085E-01 5.879E-01 3.904E-01 
0 4.261E-01 9.0463-01 9.2543-03 
0 5.431E-01 4.2703-01 -7.230E-01 
0 -1.053E-01 -9.805E-01 1.658E-01 

Cycle = 20 

cycle = 23 

cycle = 26 

cycle = 29 

cycle = ,32 

cycle = 3 5  

1.305E+00 
1.000E+00 
3.990E+OO 
2.665E-01 
1.156E+00 
2.669Ec00 
2.185E+00 
4.2258+00 
1.079E+00 
3.461E+00 
1.836E+OO 
4.5568-01 
6.415E-01 
2.764E+00 
2.785E-01 
9.097E-01 
3.360E-01 
6.376E-01 
2.186E+00 
7.314E-01 
2.997E-01 
1.444E+00 
1.914E+00 
1.502E+00 
5.971E+00 
1 .  R27E100 
1.92UE+00 
1.351E+00 
2.288E+00 
1.230E+00 
1.433E+00 
6.572E-01 

1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
I .  OOOE+OO 
1.000Et00 
1. OOOEcOO 
1.000E+00 

1.000E+00 
1.000E+00 
1.000E+OO 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1. OOOE+OO 
1.000E+00 
1.000E+00 
1.000E+00 
1.000Et00 
1.000E+00 
l.OOOE+OO 
1. O O O E c O O  
l.OOOE+OO 
l.OOOE+OO 
1. OOOE+OO 
1.000E+OO 
I .  000E+00 

1.000E+00 

print 

0.000E+00 
O.OOOE+OO 
0. OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.000!3+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000Ec00 
0.000E+00 
0. OOOEcOO 
0.000E+00 
0. OOOEcOO 
O.OOOE+OO 
0.000E+00 
0. OOOE+OO 
O.OOOE+OO 
0. OOOEcOO 
0.000E+00 
0.000E+00 
0.000E+00 
0.000Et00 
0.000E+00 
0.000EtOO 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0.000E+00 
table 175 

* . * ~ . * * ~ * * * * ~ * * . * * * * ~ * ~ " ~ * * * ~ . * * ~ ~ ~ . * * " * . * * . * * * ~ " . * . * . * * , ~ + ~ * * * * * * + * " * * * * * * * * * ~ * ~ . * ~ ~ * * * + * * * ~ * , ~ ~ . * . ~ ~ . ~ * ~ ~ ~ * * ~ ~ * * + * " *  
dump no. 2 on f i l e  ls310r nps  = 137530 COLI = 30592611 ctm = 15.24 nrn = 521187554 

soturce distribution written to file 1~310s cycle = 38 

source distribution written to file 1 ~ 3 1 0 s  cycle = 41 

source distribution written to file 1~310s cycle = 44 

s,?iirce distribution written to file 1~310s cycle = 47 

0 
0 
U 



source distribution written to file ls310s cycle = 50 

source distribution written to file ls310s cycle = 53 

source distribution written to file ls310s cycle = 5 6  

source distribution written to file 1 ~ 3 1 0 s  cycle = 59 

scurce distribution written to file ls310s cycle = 62 

source distribution written to file ls310s cycle = 65 

source distribution written to file ls310s cycle = 68  

* . . t . * * * C I * t * * t + * * . * * * * * * * * * + * * * * * ~ * ~ ~ * , * * * ~ * ~ * * ~ ~ * * . * * ~ * * ~ * * ~ , ~ . ~ * ~ ~ * * * * ~ ~ * * * * * . * * ~ * * * " * * ~ * * ~ * * * . * * , * * * * * * *  

$:lump no. 3 on file.ls3lOr nps = 269968 coll = 61167132 ctm = 30.41 nrn = 1092373273 

soul-ce distribution written to file ls310s cycle = 71 

source distribution written to file 1~310s cycle = 7 4  

source distribution written to file 1~310s cycle = 77 

scwrce distribution written to file ls310s cycle = 80 

source distribution written to file 1~310s cycle = 83 

source distribution written to file 1~310s cycle = r(6 

source distribution written to file ls310s cycle = R9 

source distribution written to file ls310s cycle = 92 

Source distribution written to file 1~310s cycle = 95 

bource distribution written to file ls310s cycle = 98 

estimator cycle 100 ave of 80 cycles combination simple average combined average corr 
k(collision1 0.458830 0.471868 0.0021 k(col/abs) 0.471868 0.0021 0.471868 0.0021 1.0000 
k(absorption1 0.458830 0.471868 0.0021 k(abs/tk In) 0.472555 0.0019 0.472519 0.0019 0 . 5 6 8 6  
kltrk length) 0,457022 0.473243 0.0021 k(tk ln/col) 0.472555 0,0019 0.472519 0.0019 0 . 5 6 8 6  
rem life(co1) 3.4829E+04 3.3728E+04 0.0022 k(col/abs/tk In) 0.472326 0,0019 0.472519 0.0019 
rem life(abs1 3.4784Ei04 3.3729E+04 0.0022 life(col/absl 3.37298+04 0.0022 3.37321+04 0.0022 0.9996 
source points generated 3951 

source distribution written to file 1~310s cycle = 101 

t * ~ t * * r * * * . * t ~ t t * * * . ~ ~ , * * + t + t * . ~ * * * * * ~ * * * * ~ * ~ * * . . * . ~ * * ~ * * * * * * * * ~ * * * * ~ * * * ~ . * ~ , * * * ~ * * ~ ~ * ~ + ~ ~ ~ * ~ ~ ~ * * * ~ * * * * * * + * ~ *  

dump no. 4 on file ls310r nps = 401489 coll = 91510152 ctm = 45.47 nrn = 1559667761 

source distribution written to file 1 ~ 3 1 0 s  cycle = 104 

source distribution written to file ls310s cycle = 107 

. source distribution written to file ls310s cycle = 110 

1 
0 2  
0 
Wl m 

1 
0 
0 

I 



c 
source distribution written tD file l s 3 1 0 s  

estimator cycle 1 1 6  ave of 9 6  cycles 
klcollision) 0 . 4 4 7 2 8 9  0 . 4 7 1 4 5 2  0 . 0 0 2 0  
k(absorption) 0 . 4 4 7 2 8 9  0 . 4 7 1 4 5 2  0 .0020 
kltrk length) 0 . 4 6 5 4 1 4  0 . 4 7 3 2 0 2  0 . 0 0 1 9  
r..?ni lifelcol) 3 . 4 4 9 8 6 + 0 4  3.3776E3+04 0.0021 
rem life(abs1 3 . 4 5 1 4 E t 0 4  3 . 3 7 7 6 E + 0 4  0 . 0 0 2 1  
seurce points generated 3783 

source distribution written to file 1 ~ 3 1 0 s  

sstimator cycle 1 1 7  ave of 9 7  cycles 
k(col1ision) 0 . 4 7 3 0 5 1  0 . 4 7 1 4 6 8  0 . 0 0 2 0  
klabsorption) 0 . 4 7 3 0 5 1  0 . 4 7 1 4 6 8  0.0020 
kltrk length) 0 , 4 7 5 9 9 7  0 . 4 7 3 2 3 1  0 . 0 0 1 9  
rem lifelcol) 3 . 3 0 3 9 E t 0 4  3 . 3 7 6 9 E t 0 4  0 . 0 0 2 1  
rem life(abs) 3 . 3 0 3 0 E + 0 4  3 .376RE+04 0 . 0 0 2 1  
source points generated 4242 

.>.::timator cyclo 1 1 8  ave of 9 8  cycles 
k (cel1i:;i on) 0 . 4 7  57 67 0 . 4 7 1 5 1 2  0 . 0 0 2 0  
k(abserption) 0 , 4 7 5 7 6 7  0 . 4 7 1 5 1 2  0 . 0 0 2 0  
kltrk length) 0 . 4 6 6 5 6 7  0 . 4 7 3 1 6 3  0 . 0 0 1 9  
rem life(col1 3.2673EtO4 3 . 3 7 5 7 E + 0 4  0.0021 
r e m  liEe(abs) 3.2679El.04 3 .3757E+04 0.0021 
solirce points generated 4016 

cycle = 113 

combination simple average 
k (col /abs 1 0.471452 0 . 0 0 2 0  
k(abs/tk In1 0.472327 0 . 0 0 1 7  
k(tk lnlcol) 0.472327 0 .0017 
klcol/abs/tk In) 0.472035 0.0018 
lifelcol/abs) 3.3776E+04 0 . 0 0 2 1  

cycle = 1 1 6  

combination simple average 
klcol/abs) 0 . 4 7 1 4 6 8  0 . 0 0 2 0  
k(abs/tk In) 0 . 4 7 2 3 5 0  0 . 0 0 1 7  
k(tk ln/col) 0 . 4 7 2 3 5 0  0 . 0 0 1 7  
k(col/abs/tk In1 0 . 4 7 2 0 5 6  0 . 0 0 1 8  
liEe(col/abs) 3 . 3 7 6 8 E t 0 4  0 . 0 0 2 1  

combination simple average 
klcol/abs) 0 . 4 7 1 5 1 2  0 . 0 0 2 0  
klabs/tk In) 0 . 4 7 2 3 3 8  0 . 0 0 1 7  
kltk ln/col) 0 . 4 7 2 3 3 8  0 .0017 
klcol/abs/tk In) 0.472062 0 ,0018  
lifelcol/abs) 3 . 3 7 5 7 E t 0 4  0 . 0 0 2 1  

combined average 
0 . 4 7 1 4 5 2  0 , 0 0 2 0  
0 . 4 7 2 4 4 5  0.0018 
0 . 4 7 2 4 4 5  0.0018 
0 . 4 7 2 4 4 5  0 .0018  

3 . 3 7 7 6 8 + 0 4  0 . 0 0 2 0  

combined average 
0 . 4 7 1 4 6 8  0 . 0 0 2 0  
0 . 4 7 2 4 6 8  0 . 0 0 1 8  
0 . 4 7 2 4 6 8  0 . 0 0 1 8  
0 . 4 7 2 4 6 8  0 , 0 0 1 8  

3 .3768E+04 0 , 0 0 2 0  

combined average 
0.471512 0 , 0 0 2 0  
0 . 4 7 2 4 4 3  0 , 0 0 1 7  
0 .472443 0 . 0 0 1 7  
0 . 4 7 2 4 4 3  0 . 0 0 1 7  

3 .3757E+04 0 , 0 0 2 0  

corr 
1 . 0 0 0 0  
0 . 5 5 1 6  
0 . 5 5 1 6  

0 . 9 9 9 6  

cor+ 
1.0000 
0 . 5 5 1 7  
0 . 5 5 1 7  

0 . 9 9 9 6  

corr 
1.0000 
0 . 5 4 6 0  
0 . 5 4 6 0  

0 . 9 9 9 6  

estimator cycle 1 1 9  ave of 9 9  cycles combination simple average combined average corr 
k I cell is ion ) 0 . 4 6 2 4 9 5  0 . 4 7 1 4 2 1  0 . 0 0 2 0  k(col/abs) 0 . 4 7 1 4 2 1  0 . 0 0 2 0  0 , 4 7 1 4 2 1  0 . 0 0 2 0  1 . 0 0 0 0  
klabsorption) 0 , 4 6 2 4 9 5  0 . 4 7 1 4 2 1  0 . 0 0 2 0  k(abs/tk In) 0 . 4 7 2 2 4 0  0 . 0 0 1 7  0 .472342 0 . 0 0 1 7  0 . 5 5 1 1  
kltrk length) 0.462802 0 . 4 7 3 0 5 9  0 .0019 kltk ln/col) 0 . 4 7 2 2 4 0  0 . 0 0 1 7  0 .472342 0 , 0 0 1 7  0 . 5 5 1 2  
rem life(co1) 3.3657Ec04 3 . 3 7 5 6 E + 0 4  0 . 0 0 2 0  .klcol/abs/tk I n )  0 . 4 7 1 9 6 7  0 . 0 0 1 8  0 .472342 0 . 0 0 1 7  
rem life(abs) 3 . 3 6 3 6 E + 0 4  3 . 3 7 5 6 E t 0 4  0 . 0 0 2 0  life(col/abs) 3.3756E+04 0 .0020 3 . 3 7 5 5 E t 0 4  0.0020 0 . 9 9 9 6  
source points generated 3842 

source distribution written to file l s 3 1 0 s  cycle = 1 1 9  

estimator cycle 1 2 0  ave of 1 0 0  cycles combination simple average combined average corr 
klcollision) 0 . 4 7 1 5 5 2  0 . 4 7 1 4 2 2  0 . 0 0 2 0  k(col/abs) 0.471422 0 . 0 0 2 0  0 , 4 7 1 4 2 2  0 . 0 0 2 0  1 . 0 0 0 0  
klabserption) 0 . 4 7 1 5 5 2  0 . 4 7 1 4 2 2  0 . 0 0 2 0  k(abs/tk In) 0 . 4 7 2 2 3 3  0 .0017 0 . 4 7 2 3 3 3  0 , 0 0 1 7  0 . 5 5 1 0  
k(trk length) 0 , 4 7 1 5 0 3  0 .473043 0.0019 kltk ln/col) 0.472233 0 . 0 0 1 7  0 , 4 7 2 3 3 3  0 . 0 0 1 7  0 . 5 5 1 0  ' 

rem lifelcol) 3.4286E+04 3 . 3 7 6 2 E + 0 4  0.0020 k(col/abs/.tk In) 0.471962 0 . 0 0 1 7  0 , 4 7 2 3 3 3  0 , 0 0 1 7  
rdm lifecabs) 3 . 4 2 8 9 E t 0 4  3 . 3 7 6 1 E t 0 4  0.0020 life(col/absl 3.3762E+04 0 . 0 0 2 0  3 .3760Et04  0 , 0 0 2 0  0 . 9 9 9 6  
source points generated 4114 / 

source distribution written to file l s 3 1 0 s  cycle = 1 2 0  
lproblem summary 

run terminated when 1 2 0  kcode cycles were done. 
1 2 / 0 5 / 0 0  1 7 : 5 1 : 4 5  

k eff. 350g Pu-239 spheres in celulose matrix i n  8 - 2 5  box ( 6 8 " % 5 4 " x 3 4 . 5 " ) .  probid = 1 2 / 0 5 / 0 0  1 6 : 5 7 : 3 3  
0 
neutron creation tracks weight energy . neutron loss tracks weight energy 

( p e r  source particle) (per source particle) 

source 477491 1 . 0 0 5 3 E t 0 0  2 . 1 5 2 5 6 + 0 0  escape 4799 8 .8460E-03 1 .1270E-02 
energy cutoff 0 0. 0. 

735 
c z  
* ( n  

m c  

0 2  

m 
n 
(n 

1 
0 
0 
t-L 



weight window 
cell importance 
weight cutoff 
energy importance 
dx t ran 
forced collisions 
exp. transform 
upscat teriny 

(n,xn) 
fission 

total 

0 
0 
0 
0 
0 
0 
0 
0 

371 
0 

477862. 

number of neutrons banked 

0. 
0. 
2.3368E-01 
0. 
0. 
0. 
0. 
0 .  

4.7541E-04 
0. 
1.2394E+00 

0. 
0. 
5.638AE-04 
0. 
0. ' 

0. 
0. 
1.0911E-06 

2.99338-04 
0. 
2.15 3 4EeOO 

1 8 6  _ . ~  
neutron tracks per source particle 1.0008E+00 
neutron collisions per source particle 2.28478+02 
total neutron collisions 109094259 
net multiplication 1.0002Et00 0.0001 

computer time so far in this r u n  54.20 minutes 
computer time in mcrun 54.19 minutes 
source particles per minute 8.8107Ec03 
random numbers generated 1859430912 

range of sampled source weights = 9.0806E-01 to 1:7817E+00 
lneutron activity in each cell 

time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
downscat tering 
capture 
loss to (n,xn) 
loss to fission 

total 

0 
0 
0 

472878 
0 
0 
0 
0 
0 
0 

185 
0 

477862 

average lifetime, shakes 
escape 2.91263+03 
capture 3.3727Ec04 
capture or escape 3.34563+04 
any termination 4.15698+04 

maximum number ever in bank 
bank overflows to backup file 
field length 
most random numbers used was 

0. 
0. 
0. 
2.3359E-01 
0. 
0. 
0. 
0. 
0. 
8.4461E-01 
2.37328-04 
1.5212E-01 
1.2394E+00 

0. 
0. 
0. 
5.70298-04 
0. 
0. 
0. . 
0. 
1.87138+00 
2.0074E-02 
1.8687E-03 
2.4834E-01 
2.1534E+00 

cutoffs 
tco 1.0000E+34 
eco 0.0000E+00 
WCl -5.0000E-01 
wc2 -2.5000E-01 

0 
0 

32659 in history 93912 

print table 126 

tracks population collisions collisions number E lux average average 
cell entering * weight weighted weighted track weight track mfp 

(per history) energy energy (relative1 Icm) 

1 1 569261 477273 108098749 1.1247E+02 4.8444E-05 2.6R10E-01 5.352OE-01 1.5AlOE+00 
2 2  19339 7362 646971 7.3024B-01 5.4243E-05 2.4111E-01 5.7228E-01 2.1414E+00 
4 4  10486 9520 6229 1.1926E-02 3.1800E-01 1.8988E+00 9.3979E-01 2.5588E+00 
5 5  280971 258171 167988 2.96123-01 2.3457E-01 1.8900E+00 8.7544E-01 2.5393E+00 

.7 7 6426 6125 3878 7.R219E-03 6.6394E-01 1.9629E+OO 9.7742E-01 2.5654E+00 
E 6  284876 261509 170444 3.0040E-01 .2.3114E-01 1.896OE+OO 8.7574E-01 2.5410E+00 

total 1171359 1019960 109094259 1.1382Ec02 
lkeff results for: k eff, 350g Pu-239 spheres in celulose matrix i n  8-25 box (6R"x54"x34.5"1 probid = 12/05/00 16:57:33 

I 
the initial fission neutron source distribution used the 
the criticality problem was scheduled to skip 4000 neutrons per cycle. 
this problem has run 20 inactive cycles with 77589 neutron histories and 100 active cycles with 399902 neutron histories. 

4 sdurce Points that were input on the ksrc card. 
20 cycles and run a total of 120 cycles with nominally 

i 

this calculation has completed the requested number of keff cycles using a total of 477491 fission neutron source histories. 
all cells with fissionable material were sampled and had fission neutron source points. 

the results of the w test for normality applied to the individual collision, absorption, and track-length keff cycle values are: 

the k( collision) cycle values appear normally distributed at the 95 percent confidence level 
the k(absorption) cycle values appear normally distributed at the 95 percent confidence level 
the k(trk length) cycle values appear normally distributed at the 95 percent confidence level 

I 

0 
P i  

i 



I I 
I 
I 
I I 

I 
I 

I the final estimated combined collision/absorption/track-length keff = 0 . 4 7 2 3 3  with an estimated standard deviation of  0 . 0 0 0 8 1  

I tha estimated 6 8 .  9 5 ,  & 99 percent keff confidence intervals are 0 . 4 7 1 5 2  to 0 . 4 7 3 1 5 ,  U.47071 to 0 . 4 7 3 9 5 ,  and 0 . 8 7 0 1 8  to 0 , 4 7 4 4 8  

1 the estimated collision/absorption neutron removal lifetime = 3.38E-04 seconds with an estimated standard deviation of 6.78E-07 1 
..______________________________________-----------------.------------------------------------------------------------------------- 

the estimated average keffs, one standard deviations, and 68, 9 5 ,  and 9 9  percent confidence intervals are: 

ke€f estimator kef€ standard deviation 68% confidence 95% confidence 9 9 8  confidence corr 

collision 0 . 4 7 1 4 2  0 . 0 0 0 9 3  0 . 4 7 0 4 9  t o  0 . 4 7 2 3 5  0 . 4 6 9 5 7  to 0 . 4 7 3 2 8  0 . 4 6 9 9 6  to 0 . 4 7 3 8 8  
absorption 0 , 4 7 1 4 2  0 . 0 0 0 9 3  0 . 4 7 0 4 9  to 0 . 4 7 2 3 5  0 . 4 6 9 5 7  to 0 . 4 7 3 2 8  0 . 4 6 8 9 6  to 0 . 4 7 3 8 8  

track length 0 , 4 7 3 0 4  0.00088 0 . 4 7 2 1 6  to 0 . 4 7 3 9 2  0 , 4 7 1 2 9  to 0 , 4 7 4 8 0  0 , 4 7 0 7 2  to 0 . 4 7 5 3 7  
coliabsorp 0 . 4 7 1 4 2  0 . 0 0 0 9 3  0 . 4 7 0 4 9  to 0 . 4 7 2 3 5  0 . 4 6 9 5 7  to 0 . 4 7 3 2 8  0 . 4 6 8 9 6  to 0 . 4 7 3 8 8  1 . 0 0 0 0  
ahs/trk len 0 . 4 7 2 3 3  0 . 0 0 0 8 1  0 . 4 7 1 5 2  to 0 . 4 7 3 1 5  0 . 4 7 0 7 1  to 0 . 4 7 3 9 5  0 . 4 7 0 1 8  to 0 . 4 7 4 4 8  0 . 5 5 1 0  
col/trk len 0 . 4 7 2 3 3  0 . 0 0 0 8 1  0 . 4 7 1 5 2  to 0 . 4 7 3 1 5  0 . 4 7 0 7 1  to 0 . 4 7 3 9 5  0 . 4 7 0 1 6  to 0 . 4 7 4 4 8  0 . 5 5 1 0  

col,abs/trk len 0 , 4 7 2 3 3  0 . 0 0 0 8 1  0 . 4 7 1 5 2  to 0 , 4 7 3 1 5  0 . 4 7 0 7 1  to 0 . 4 7 3 9 5  0 . 4 7 0 1 8  to 0 . 4 7 4 4 8  

i f  the largest of each keff occurred on the next cycle, the kef€ results and 68, 9 5 ,  and 99 percent confidence intervals would be: 

keff estimator kef€ standard deviation 68% confidence 95% confidence 9 9 %  confidence 

collision 0 . 4 7 1 6 5  0 . 0 0 0 9 5  0 . 4 7 0 7 0  to 0 . 4 7 2 6 0  0 . 4 6 9 7 6  to 0 . 4 7 3 5 4  0 . 4 6 9 1 4  to 0 . 4 7 4 1 6  
absorption 0 , 4 7 1 6 5  0 . 0 0 0 9 5  0 .47070 to 0 . 4 7 2 6 0  0 . 4 6 9 7 6  to 0 , 4 7 3 5 4  0 .46914 to 0.47416 

track length 0 , 4 7 3 2 6  0 . 0 0 0 9 0  0 . 4 7 2 3 6  to 0 . 4 7 4 1 6  0 . 4 7 1 4 7  to 0 . 4 7 5 0 5  0 . 4 7 0 8 9  to 0 . 4 7 5 6 3  
col:abs/trk len 0 . 4 7 2 5 6  0.00084 0 . 4 7 1 7 2  t o  0 . 4 7 3 5 0  0 . 4 7 0 8 9  to 0 . 4 7 4 2 3  0 . 4 7 0 3 5  t o  0 . 4 7 4 7 7  

rtie ~stimated collisionlabsorption neutron lifetimes, one standard deviations, and 68, 9 5 ,  and 9 9  percent conEidence intervals are: 

type lifetime(sec1 standard deviation 6 8 %  confidence 93% confidence 998 confidence 

removal 3.3760E-04 6 .7752E-07 3.3692E-04 to 3.3828E-04 3.3625E-04 to 3.3895E-04 3 . 3 5 8 1 E - 0 4  to 3 . 3 9 3 9 6 - 0 4  
capture 3 . 3 7 5 0 8 - 0 4  5 . 1 2 2 5 E - 0 7  3.36Y9E-04 to 3.3801E-04 3 .3648E-04 to 3.3852E-04 3 .3615E-04 to 3.3885E-04 
fission 2.3394E-05 2 .1987E-07 2 . 3 1 7 4 8 - 0 5  to 2 . 3 6 1 4 E - 0 5  2 .2956E-05 to 2 . 3 8 3 2 E - 0 5  2 .2813E-05 to 2 . 3 9 7 5 8 - 0 5  
escape 1 . 6 7 6 9 6 - 0 6  1 . 0 0 3 4 ~ - 0 6  6 . 7 2 5 6 E - 0 7  tO 2 . 6 8 1 3 E - 0 6  0.0000E+00 to 3 . 6 7 5 6 8 - 0 6  0.0000E+00 to 4.327AE-06 

laverage individual and combined collision/absorption/track-leng’th keff results for 7 different hatch sizes 

cycles per number of 
keff batch k batches 

1 1 0 0  I 
2 50 I 
4 2 5  I 
5 2 0  I 
1D 1 0  I 
20 5 1  
25 4 1  

lindividual and average 

average keff estimators and deviations 
k(col1 s t  dev k(abs) st dev k(trk) st dev 

0 . 4 7 1 4  0 . 0 0 0 9  
0 . 4 7 1 4  0 . 0 0 0 9  
0 . 4 7 1 4  0.0010 
0 . 4 7 1 4  0 . 0 0 0 9  
0 . 4 7 1 4  0.0008 
0 . 4 7 1 4  0.0008 
0 . 4 7 1 4  0 . 0 0 1 0  
keff estimator 

0 . 4 7 1 4  0 . 0 0 0 9  0 . 4 7 3 0  0 . 0 0 0 9  
0 . 4 7 1 4  0 . 0 0 0 9  0 . 4 7 3 0  0 , 0 0 0 9  
0 . 4 7 1 4  0,0010 0 . 4 7 3 0  0 . 0 0 0 9  
0 . 4 7 1 4  0 , 0 0 0 9  0 . 4 7 3 0  0 . 0 0 1 1  
0 . 4 7 1 4  0 , 0 0 0 8  0 , 4 7 3 0  0 , 0 0 1 3  
0 . 4 7 1 4  0 . 0 0 0 8  0 . 4 7 3 0  0 . 0 0 1 5  
0 . 4 7 1 4  0 ,0010  0 . 4 7 3 0  0 , 0 0 1 6  
results by cycle 

normality 
co/ab/trk 

) 9 5 / 9 5 / 9 5 (  
1 9 5 / 9 5 / 9 5 ]  
) 9 5 / 9 5 / 9 5 1  
1 9 5 / 9 5 / 9 5  

) 9 5 / 9 5 / 9 5 (  
] 9 5 / 9 5 / 9 5 1  

, 9 5 / 9 5 / 9 5 j  

average k(c/a/t) 
k(c/a/t) st dev 

0.47233 0 .00081  
0 . 4 7 2 2 2  0 . 0 0 0 8 0  
0 .47237 0 , 0 0 0 9 2  
0 . 4 7 1 7 6  0 . 0 0 0 9 7  
0 . 4 7 1 1 5  0 . 0 0 1 0 6  
0 . 4 7 1 2 5  0 . 0 0 1 0 9  
0 . 4 7 1 5 7  0 . 0 0 1 5 1  

klc/a/t) confidence intervals 
95% confidence 93% confidence 

0 . 4 7 0 7 1 - 0 . 4 7 3 9 5  0 . 4 7 0 1 8 - 0 . 4 7 4 4 8  
0 . 4 7 0 6 1 - 0 . 4 7 3 8 3  0 . 4 7 0 0 8 - 0 . 4 7 4 3 7  
0 . 4 7 0 4 6 - 0 . 4 7 4 2 8  0 , 4 6 9 7 7 - 0 . 4 7 4 9 7  
0 . 4 6 9 7 1 - 0 . 4 7 3 8 1  0 . 4 6 8 9 5 - 0 . 4 7 4 5 8  
0 . 4 6 8 6 4 - 0 . 4 7 3 6 6  0 . 4 6 7 4 3 - 0 . 4 7 4 8 6  
0 . 4 6 6 5 7 - 0 . 4 7 5 9 2  0 . 4 6 0 4 6 - 0 . 4 8 2 0 3  
0 . 4 5 2 3 6 - 0 . 4 9 0 7 9  0 . 3 7 5 3 3 - 0 . 5 6 7 8 3  

keff neutron kef€ estimators by cycle average keff estimators and deviations average k (c/a/t) 
I 
0 
0 
P 



k(coll1 st dev k(abs) st dev k(track) st dev k(c/a/t) st dev €om cycle histories k (coll) 

0.55994 
0.46881 
0.46029 
0.42778 
0.45242 
0.45032 
0.44204 
0.45337 
0.45835 
0.46122 

k(abs) k(track) 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 
13 
14 
15 
16 
17 
18 
19 
20 

_ _ _ _ _ _ _ _ - _  

4000 
2245 
3356 
3931 
3747 
4231 
3956 
3881 
4055 
4030 

0.55994 0.54632 
0.46881 0.46669 
0.46029 0.46626 
0.42778 0.43524 
0.45242 0.46136 
0.45032 0,45190 
0.44204 0.44790 
0.45337 0.44872 
0.45835 0,45679 
0.46122 0.45866 

0.46328 0.48059 
0.46206 0.46693 
0.47084 0.47298 
0.44982 0.46463 
0.47217 0.46362 
0.49248 0,47094 
0.44738 0.44817 
0.45712 0.46374 
0.47337 0.46568 
0.46438 0.46637 

_ - _ - _ - - _ _ _ _ - _ - - - - - -  
4036 
4031 
3993 
4101 
3803 
4209 
4175 
3607 
4089 
4113 

0.46328 
0.46206 
0.47084 
0.44982 
0.47217 
0.49248 
0.44738 
0.45712 
0.47337 
0.46438 
besin active keff cycles 

21 
22 
23 
24 
25 ' 

26 
27 
2R 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

. . . . . - - 

- - - - - - - - 

3870 
4294 
3926 
3970 
3918 
3984 
4088 
3946 
3863 
4097 

0.45327 
0.48293 
0.48350 
0.47387 
0.46621 
0.47602 
0.47650 
0.45884 
0.46956 
0.47114 

0.49327 
0.48293 
0.48350 
0.473617 
0.46621 
0.47602 
0.47650 
0.45884 
0.46956 
0.47114 

0.47305 
0.46972 
0.47252 
0.47558 
0.46700 
0.47538 
0.48179 
0.46135 
0.46685 
0.4R457 

0.48810 0.00517 
0.48656 0.00336 
0.4R339 0.00396 
0.47996 0.00461 
0.47930 0,00382 
0.47890 0,00325 
0.47639 0,00377 
0.47563 0.00341 
0.47518 0.00308 

0.48810 0.00517 0,47139 0.00166 
0.48656 0,00336 0.47177 0.00103 
0.48339 0.00396 0.47272 0.00120 
0.47996 0.00461 0.47156 0.00147 
0.47930 0,00382 0,47221 0.00136 
0.47890 0.00325 0.47358 0,00179 
0.47639 0,00377 0.47205 0.00218 
0.47563 0.00341 0.47147 0.00200 
0.47518 0.00308 0,47278 0.00222 

0.47442 0.00197 
0.47128 0,00239 
0.47242 0.00200 
0.47470 0.00208 
0.47227 0.00262 
0.47163 0.00240 
0.47341 0.00226 

32061 
17190 
20421 
16412 
8898 
9418 
9638 

4965 
5530 
5671 
5851 
6212 
5981 
6725 
6878 
7304 
76611 

_ _ _ - _  
0.45817 
0.47105 
0.46309 
0.46764 
0.47578 
0.46492 
0.46660 
0.47957 
0.47164 
0.47221 

0.45817 
0.47105 
0.46309 
0.46764 
0.47578 
0.46492 
0.46660 
0.47957 
0.47164 
0.47221 

0.44922 
0.47000 
0.46360 
0.46332 
0.47342 
0.45918 
0.47350 
0.46910 
0.47012 
0.46922 

0.47364 0,00319 
0.47342 0.00292 
0.47263 0.00280 
0.47227 0.00262 
0.47250 0,00245 
0.47203 0.00234 
0.47171 0,00222 
0.47215 0.00214 
0.4'7212 0.002'02 
0.47212 0,00192 

0.47364 0.00319 
0.47342 0,00292 
0.47263 0.00280 
0.47227 0.00262 
0.47250 0.00245 
0.47203 0.00234 
0.47171 0.00222 
0.47215 0.00214 
0.47212 0.00202 
0.47212 0.00192 

0.47186 0.00299 
0.47173 0.00271 
0.47102 0.00257 
0.47061 0,00244 
0.47086 0.00228 
0.47036 0.00225 
0.47038 0.00206 
0.47049 0.00198 
0.47050 0.00187 
0.47050 0.00178 

1 0.47067 0.00173 
I 0.46992 0.00176 
I 0.47003 0.00166 
I 0.47031 0.00161 
1 0.47079 0.00161 
1 0.47096 0.00152 
1 0.47025 0.00162 
1 0.46964 0.00166 
I 0.46956 0.00160 
I 0.46986 0.00159 

4006 
3897 
4108 
3909 
4065 
4028 
3896 
4015 
4090 
3947 

0.47064 0.00294 
0.47059 0.00268 
0.47005 0,00252 
0.46957 0.00239 
0.46983 0.00224 
0.46916 0.00219 
0.46942 0.00208 
0.46940 0.00196 
0.46944 0.00185 
0.46943 0.00176 

0.46956 0.00168 
0.46902 0.00169 
0.46922 0.00163 
0.46950 0.00158 
0.46997 0.00159 
0.47026 0.00155 
0.46961 0.00163 
0.46910 0.00165 
0.46905 0.00159 
0.46935 0.00157 

_ _ _ _ - _ _ _ _ _ - _ - _ - _ -  - - - - - - - 
7752 
7052 
7671 
7735 
7464 
8060 
6793 
6241 
6484 
6349 

._______________ 

4045 1 0.47976 
4079 I 0.45641 
3809 1 0.46753 
4151 1 0.47804 
4103 1 0.48102 
4060 1 0.46758 
3905 I 0.45307 
38613 1 0.45355 
3989 1 0.46704 
4165 1 0.48267 

_ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _  
0.47976 0.47224 
0.45641 0.45762 
0.46753 0.47375 
0.47804 0.47601 
0.48102 0.48124 
0.46758 0.47742 
0.45307 0.45258 
0.45355 0.45546 
0.46704 0.46762 
0.48267 0.47811 

_ - _ _ _ _ _ _ _ - _ - _ - _ -  
0.47249 0,00186 
0.47176 0.00192 
0.47157 0.00184 
0.47184 0.00178 
0.47221 0.00175 
0.47203 0.00169 
0.47133 0,00177 
0.47069 0.00182 
0.47057 0.00176 
0.47097 0.00175 

I 0.47249 0.00186 
1 0.47176 0,00192 
I 0.17157 0.00184 1 0.47184 0.00178 

0.47221 0.00175 
0.47203 0.00169 

I 0.47133 0.00177 
1 0.47069 0.00&82 
1 0.47057 0.00176 
I 0.47097 0,00175 



i 

5 2  3984 I 0 .46045 0 . 4 6 0 4 5  0.47075 j 0.47097 0 . 0 0 1 7 1  0 .47097 0 . 0 0 1 7 1  0 .46951 0 .00148 I 0,46990 0 ,00149 6770 
53 3809 I 0.48353 0 .48353 0 .45981 0.47135 0 .00170 0.47135 0 . 0 0 1 7 0  0 .46921 0 .00146 0 .46987 0 , 0 0 1 4 7  6 7 7 1  
54 4208 1 0 , 4 7 6 2 5  0 .47625 0 ,47780 0 ,47150 0 .00165 0 .47150 0 .00165 0 .46947 0 .00144 I 0 ,47012 0 ,00144 6849 
55  3935 1 0 . 4 6 4 1 9  0.46419 0 . 4 6 8 3 1  1 0 ,47129 0 .00162 0.47129 0 .00162 0 .46943 0 .00140 I 0 , 4 7 0 0 1  0 ,00139 7099 
56  3924 I 0 . 4 6 8 3 6  0 . 4 6 8 3 6  0 .48551 I 0 , 4 7 1 2 1  0.00157 0 , 4 7 1 2 1  0 .00157 0 .46988 0.00143 I 0.47039 0.00136 7260 
57 4047 1 0 . 4 7 4 5 1  0 . 4 7 4 5 1  0.46650 1 0 .47130 0 .00153 0 , 4 7 1 3 0  0.00153 0 ,46979 0 ,00139 1 0 .47038 0 ,00133 7412 
58  4 1 0 1  1 0 , 4 6 5 0 8  0 . 4 6 5 0 8  0 ,47929 1 0 ,47113 0 .00150 0.47113 0.00150 0 . 4 7 0 0 4  0 .00138 1 0 . 4 7 0 4 9  0 .00128 7714 . 
59 3 9 3 1  [ 0 , 4 6 1 0 1  0 . 4 6 1 0 1  0 .46155 ( 0 .47087 0.00149 0 . 4 7 0 8 7  0 . 0 0 1 4 9  0 .46982 0.00136 1 0 ,47025 0 .00127 7648 
60 3979 I 0 . 4 7 2 7 5  0 ,47275 0 ,47654 I 0,47092 0 .00145 0 .47092 0 .00145 0 .46999 0 .00134 I 0.47037 0 .00124 7808 

6 1  4073 I 0 ,46233 0 ,46233 0 .46636 1 0 , 4 7 0 7 1  0 .00143 0 , 4 7 0 7 1  0 .00143 0.46990 0 . 0 0 1 3 1  I 0 .47023 0 .00122 7923 
62 3912 I 0 , 4 7 3 3 8  0 . 4 7 3 3 8  0 ,46477 1 .0 .47077 0.00140 0 . 4 7 0 7 7 ' 0 . 0 0 1 4 0  0.46978 0.00128 1 0 ,47018 0 .00119 8075 
63 4053 1 0 .47347 0 ,47347 0 .46897 I 0 ,47084 0 . 0 0 1 3 6  0 ,47084 0 .00136 0 .46976 0 .00125 1 0 .47020 0.00117 8252 
54 3989 [ 0 ,45553 0 .45553 0 .46652 I 0.47049 0 .00138 0 , 4 7 0 4 9  0.00138 0 .46969 0 , 0 0 1 2 2  I 0.46999 0 .00115 8295 
6 5  3877 1 0 .46837 0 .46837 0 , 4 7 0 3 0  I 0.47044 0 .00135 0 ,47044 0.00135 0 .46970 0 .00120 I 0 . 4 6 9 9 8  0.00112 8503 
66 4136 I 0 . 4 7 7 6 0  0 .47760 0 ,48955 I 0 .47060 0 .00133 0 . 4 7 0 6 0  0 .00133 0 ,47013 0 ,00125 0 .47033 0 .00114 8049 
67 4054 I 0 , 4 8 7 1 8  0 .48718 0 ,48240 I 0 .47095 0 .00135 0 , 4 7 0 9 5  0 .00135 0 .47039 0.00125 I 0.47062 0 .00116 7662 
68 4122 1 0 ,47073 0 ,47073 0 . 4 7 6 4 1  0 ,47095 0 .00132 0 , 4 7 0 9 5  0 .00132 0 .47052 0.00123 I 0.47070 0 .00113 7816 
69 3R45 1 0 , 4 6 4 1 1  0 . 4 6 4 1 1  0 .47273 0.470R1 0 .00130 0 . 4 7 0 8 1  0 . 0 0 1 3 0  0.47056 0.00120 I 0.470.66 0 . 0 0 1 1 1  7 9 9 6  
70 3928 I 0 , 4 7 7 6 5  0 .47765 0 , 4 8 9 8 7  0,47094 0 .00128 0 ,47094 0 .00128 0 .47095 0 .00124 0 .47095 0 . 0 0 1 1 2  7 6 8 0  

._______________________________________------------------------------------------------------------------------------------------- 

.___.___________________________________------------------------------------------------.------------------------------------------ 

7 1  
72 
73 
74 
75  
76 
7 7  
78  . 
79  
R O  

8 1  
R 2  
R 3  
84 
85  
86  
87 
88 
89  
90 

9 1  
92 
93 
94 
95  
96  
97 
98  
99 

100 

- - - - - - -. 

- - - - - - - - 

4096 I 0 .46634 0 , 4 6 6 3 4  0 ,47127 I 0 ,47085 0.00126 0 ,47085 0 , 0 0 1 2 6  0 . 4 7 0 9 6  0 ,00122 I 0 . 4 7 0 9 1  0 .00110 7827 
3898 0 , 4 6 8 9 4  0 .46894 0 .48200 1 0.47082 0 ,00123 0 ,47082 0 . 0 0 1 2 3  0 .47117 0 .00121 j/ 0.07100 0 .00108 7918 
4040 I 0 , 4 9 2 7 4  0 ,49274 0.49504 0 .47123 0.00128 0 ,47123 0 ,00128 0 ,47162 0 ,00127 0 .47143 0 .00115 6919 
4194 I 0 , 4 6 8 7 3  0 .46873 0 , 4 6 4 4 3  0 ,47118 0 .00125 0 , 4 7 1 1 8  0 .00125 0 .47148 0 .00125 0 .47133 0 . 0 0 1 1 3  7 0 0 8  
3752 0 . 4 8 1 8 8  0 .48188 0 ,48723 0 , 4 7 1 3 8  0 ,00125 0 ,47138 0 .00125 0 .47177 0 .00126 0 .47157 0.00114 6822 
4120 I 0 . 4 8 9 4 7  0 .48947 0.49172 1 0.47170 0 ,00127 0 .47170 0 .00127 0 .47213 0 .00129 I 0.47190 0.00117 6359 
4065 0 , 4 7 2 0 2  0 , 4 7 2 0 2  0 ,47457 I 0.47171 0.00124 0 , 4 7 1 7 1  0.00124 0 .97217 0 .00127 I 0.47193 0.00115 6469 
3848 I 0.48193 0 .48193 0 ,47798 I 0 ,47188 0 .00124 0 . 4 7 1 8 8  0.00124 0.47227 0 ,00125 I 0.47207 0.00114 6498 
4077 I 0 .46376 0.46376 0 . 4 9 0 0 1  I 0 ,47174 0.00122 0.47174 0 .00122 0 . 4 7 2 5 7  0 . 0 0 1 2 7  1 0 . 4 7 2 1 2  0 . 0 0 1 1 2  6544 
3827 1 0 . 4 8 0 5 7  0 .48057 0 ,47686 1 0 , 4 7 1 8 9  0 . 0 0 1 2 1  0.47189 0 . 0 0 1 2 1  0 .47264 0 , 0 0 1 2 5  I 0.47224 0 .00111 6606 

4172 1 0 . 4 7 0 4 1  0 , 4 7 0 4 1  0 , 4 7 6 9 0  I 0 ,47187 0 .00119 0.47187 0.00119 0 .47271 0 .00123 I 0 .47226 0 .00109 6 7 0 1  
3899 I 0 . 4 6 8 5 6  0 .46856 0 ,47393 I 0 . 4 7 1 8 1  0 .00117 0 . 4 7 1 8 1  0.00117 0.47273 0 , 0 0 1 2 1  0.47224 0 .00107 6800 
3966 1 0 . 4 8 3 6 2  0 .48362 0 .47109 I 0 .47200 0 .00117 0 ,47200 0 .00117 6 9 0 1  
4104 I 0 . 4 7 3 3 1  0 . 4 7 3 3 1  0 ,47260 1 0 ,47202 0 .00115 0.47202 0 .00115 0 ,47270 0 .00117 I 0,47235 0.00104 7015 
3959 I 0 . 4 6 9 6 3  0 .46963 0 , 4 7 0 2 9  I 0.47199 0 .00113 0.47199 0 .00113 0.47267 0 ,00115 1 0 . 4 7 2 3 1  0 .00103 7120 
3947 I 0 . 4 7 1 9 5  0 .47195 0.47365 1 0 .47198 0.00112 0 .47198 0 .00112 0 .47268 0 ,00114 - 1  0 ,47232 0 , 0 0 1 0 1  7232 
39RR 1 0 . 4 6 8 2 0  0 .46820 0 .47258 1 0 .47193 0 . 0 0 1 1 0  0.47193 0 .00110 0 .47268 0 ,00112 j 0 ,47229 0 .00100 7329 
3985 I 0 . 4 7 6 0 0  0 . 4 7 6 0 0  0 .48397 I 0.47199 0 .00109 0 ,47199 0 .00109 0 .47285 0 . 0 0 1 1 1  0 ,47239 0 .00099 7 3 3 1  
4062 I 0 . 4 6 3 8 7  0 .46387 0 .47530 1 0 .47187 0 .00108 0 , 4 7 1 8 7  0 ,00108 0.4'7288 0 .00110 0 .47235 0 . 0 0 0 9 8  7 3 9 6  
3866 I 0 . 4 6 5 4 1  0 . 4 6 5 4 1  0 .47848 I 0 .47378 0 . 0 0 1 0 7  0 .47178 0 .00107 0,47296 0 .00109 1 0 , 4 7 2 3 4  0 .00097 7469 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 .47271 0 .00119 I 0.47234 0 .00106 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
4008 
4050 
4025 
3 8 7 1  
410R 
3945 
4132 
3899 
3958 
3936 

0 . 4 7 2 7 4  0 .47274 
0 . 4 7 6 5 4  0 ,47654 
0 . 4 6 8 9 8  0 .46898 
0 . 4 7 9 4 8  0 .47948 
0 . 4 7 2 9 0  0.47290 
0 . 4 8 9 0 1  0 . 4 8 9 0 1  
0 .47333 0.47333 
0 .46916 0 . 4 6 9 1 6  
0 . 4 6 3 9 4  0 .46394 
0 .45883 0 .45883 

0 .46776 
0 .48058 
0 . 4 7 3 3 6  
0 .48297 
0 .46849 
0 . 4 8 3 4 1  
0 .48009 
0 .48008 
0.47834 
0.45702 

0.47179 o.ooios 
0.47186 0.00104 
0.47182 0 .00102 
0 .47192 0.00102 
0 .47194 0.00100 
0 . 4 7 2 1 6  0 .00101 
0.47217 0 .00100 
0 .47214 0 ,00099 
0.47203 0.00098 
0 .47187 0 . 0 0 0 9 8  

0 .47179 0 .00105 
0 .47186 0 .00104 
0.47182 0 .00102 
0 .47192 0 .00102 
0.47194 0.00100 
0 . 4 7 2 1 6  0 .00101 
0 .47217 0.00100 
0 . 4 7 2 1 4  0 .00099 
0 .47203 0 .00098 
0 .47187 0.00098 

0.47289 0 .00107 
0 .47300 0 .00106 
0.47300 0 .00105 
0 .47314 0.00104 
0 .47307 0.00103 
0 . 4 7 3 2 1  0 .00103 
0'.47330 0 .00102 
0.47339 0 . 0 0 1 0 1  
0 . 4 7 3 4 5  0.00100 
0 .47324 0 . 0 0 1 0 1  

0 . 4 7 2 3 1  0 .00095 
0 . 4 7 2 4 0  0.00094 
0 .47238 0.00093 
0 .47249 0 .00093 
0 .47247 0 . 0 0 0 9 1  
0.47267 0 . 0 0 0 9 2  
0 . 4 7 2 7 2  0 . 0 0 0 9 1  
0 .47273 0 .00090 , 

0 . 4 7 2 7 2  0 . 0 0 0 8 9  
0.47252 0 .00090 

7 5 9 1  
7 6 2 6  
7719 
7 6 9 1  
7810 
7623 
7 6 8 1  
7749 
7800 
7558 

__._._______________-------------------------------~------------------------------------------------------------------------------- 

101 3 9 5 1  1 0 .46019 0 .46019 0 . 4 7 9 4 8  1 0 . 4 7 1 7 2  0 .00098 0 , 4 7 1 7 2  0 .00098 0 . 4 7 3 3 2  0.00100 I 0 .47250 0 .00089 7580 
102 4006 I 0.47353 0 .47353 0 .47947 I 0 . 4 7 1 7 5  0 .00097 ' 0 . 4 7 1 7 5  0 .00097 0 .47340 0.00099 I 0.47254 0 .00088 7633 
103 4129 I 0 . 4 4 9 1 9  0 .44919 0 .45535 I 0 . 4 7 1 4 7  0 . 0 0 1 0 0  0.47147 0 .00100 0 .47318 0 . 0 0 1 0 0  I 0.47232 0 . 0 0 0 9 1  7105 
104 3766 0 .49433 0 . 4 9 4 3 3  0 .47786 I 0 . 4 7 1 7 5  0.00102 0 , 4 7 1 7 5  0 .00102 0 ,47323 0 .00099 1 0 .47255 0 .00091 7044 

1 o z  
(2 
v1 m 
1 
0 
0 
u 



105 4405 
106 3900 
107 3857 
108 4001 
109 3984 
110 4107 

111 3892 
112 4096 
113 4005 
114 3856 
115 4159 
116 3956 
117 3783 
118 4242 
119 4016 
120 3842 

__._-_____------_- 

0.48522 0.48522 0.48230 I 0.47190 0.00102 0.97190 0.00102 0.47334 0.00098 
0.46754 0.46754 0.46672 I 0.47185 0.00101 0.47185 0.00101 0.47326 0.00097 I 
0.46857 0.96857 0.46653 1 0,47182 0,00100 0.47162 0.00100 0.47321 0.00096 I 
0.46669 0.46669 0.46907 I 0.47176 0.00099 0.47176 0.00099 0.47316 0,00095 I 
0.47742 0.47792 0,46983 1 0.47182 0.00098 0.47182 0,00098 0.97312 0,00094 I 
0.46243 0.46243 0,48276 I 0,47172 0.00098 0.47172 0.00098 0.47323 0,00094 I 
______-_____--__________________________----------------------------------------.--.- 

0.47597 
0.47314 
0.45705 
0.47619 
0.47529 
0.44729 
0.47305 
0.47577 
0.46249 
0.47155 

0.47507 
0.47314 
0.45705 
0.47619 
0.47529 
0.44729 
0.47305 
0.47577 
0.46249 
0.47155 

0.47367 
0.46254 
0.46892 
0.48783 
0.47822 
0.46541 
0.47600 
0.46657 
0.46280 
0.47150 

0.47176 0.00097 
0.47178 0.00095 
0.47162 0.00096 
0.47167 0.00095 
0.47171 0.00094 
0.47145 0.00096 
0.47147 0.00095 
0.47151 0.00095 
0.47142 0.00094 
0.47142 0.00093 

0.47176 0.00097 
0.47178 0.00095 
0.47162 0,00096 
0.47167 0.00095 
0.47171 0.00094 
0.47145 0.00096 
0.47147 0.00095 
0.47151 0.00095 
0.47142 0.00094 
0.47142 0.00093 

0.47324 0.00093 
0.47312 0.00093 
0.47307 0.00092 
0.47323 0.00092 
0.47328 0.00091 
0.47320 0.00091 
0.47323 0.00090 
0.47316 0.00089 
0.47306 0.00089 
0.47304 0.00088 

0.47269 0.00091 6987 
0.47262 0.00090 7036 
0.47257 0.00089 7102 
0.47252 0.00068 7153 
0.47253 0.00087 7264 
0.47254 0.00086 7297 

0.47256 0.00085 7386 
0.47249 0.00084 7471 
0.47242 0.00084 7415 
0.47250 0.00084 7342 
0.47255 0.00083 . 7391 
0.47244 0.00084 7139 
0.47247 0.00084 7205 
0.47244 0.00082 7313 
0.47234 0.00082 7275 
0.47233 0.00081 7353 

_ _ _ _ _ _ _ _ _ _ _ - _ - _ _ _ _ _ _ - - - - - -  

collision 0.49433 on cycle 104 collision 0.44729 on cycle 
absorption 0.49433 on cycle 104 absorption 0.44729 on cycle 

track length 0.49504 on cycle 73 track length 0.44922 on cycle 
lplot of the estimated col/abs/track-length keff one standard deviation interval versus cycle number ( 1  = final keff = 0.47233 

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 
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6 
7 
8 
9 
10 
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1 2  
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c‘ . 

5s 35 + 
56 36  I 
57 37 I 
58  38  I 
59 39 I 
60 4 0  I 
6 1  41 I 
62 42 I 
63 43 I 
64 4 4  I 
66 4 6  I 
6 1  47 I 
68 48 I 
69 49 I 
7 0  50 I 
71  5 1  I 
7 2  52 I 
73 53 I 
74 54 I 
7 6  56 I 
7 7  57 I 
18 58 I 
79 59 I 
80  60 I 
8 1  6 1  I 
8 2  6 2  I 
83  6 3  I 
84 64 I 

8 6  66 I 
87 67 I 
88 6 8  I 
R 9  69 I 
9 0  7 0  I 
9 1  71 I 
92  72 I 
93  73 I 
94 74 I 
9 6  76 I 
97 77 I 
98 78  I 
99 79 I 

100 80 I 
101 81 I 
102 82 I 
103 83  I 
10.1 84 I 

65 4 5  + 

75  55 + 

85 65 + 

9 5  7 s  + 

105 R 5  + 
1 0 6  
107 :76 I 
108 88 I 
109 89 I 
110 90 I 
111 9 1  I 
112 92 1 

+ 

‘ c n  

I 
0 
0 
I-J 



113 93  I 
114 94 1 
116 96 I 
117 97 I 
118 98  1 
119 99 I 
120 100 I 

115 95  + 

I -  

- 0  
1 
2 
3 
4 
5 
6 
7 
8 
9 

10  

11 
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
19 
2 0  

- - _ _ - _  

120 
119 
118 
117 
116 
115 
1 1 4  
113 
112 
111 
110 
.__- 

4774911 0 .4702 0 . 0 0 1 3 -  
4 7 3 4 9 1 )  0 .4695 0.0010 
4 7 1 2 4 6 )  0 .4695 0.0010 
4678901 0 .4696 0 . 0 0 1 0  
4639591 0 .4699 0 .0010 
4602121 0 . 4 7 0 1  0.0010 
4 5 5 9 8 1  0 . 4 7 0 3  6.0010 
452025 I 0 . 4 7 0 5  0 ,0009 
4481441 0 . 4 7 0 7  0 .0009 
4440891 0 .4708 0 . 0 0 0 9  
4400591 0 .4709 0 .0009 

0 .47139 0.00112 
0 . 4 7 0 5 1  0 .00090 
0 .47054 0 .00091 
0 .47059 0 .00091 
0 .47087 0 .00086 
0 .47097 0 .00085 
0 .47114 0 .00084 
0 . 4 7 1 3 5  0.00082 
0 .47156 0 .00080 
0 .47169 0 . 0 0 0 8 0  
0 . 4 7 1 8 1  0 .00080 

0.47180 0 .00080 
0 . 4 7 1 8 6  0 . 0 0 0 8 1  
0 . 4 7 1 8 6  0 .00082 
0 .47195 0.00081 
0 . 4 7 2 0 1  0.00082 
0 .47189 0 .00083 
0 .47213 0 .00080 
0.47223 0 .00080 
0 . 4 7 2 2 7 ' 0 . 0 0 0 8 1  
0.47233 0 . 0 0 0 8 1  

0 .46916-0 .47361 
0 . 4 6 8 7 2 - 0 . 4 7 2 3 0  
0 .46873-0 .47234 
0 . 4 6 8 7 7 - 0 . 4 7 2 4 1  
0 . 4 6 9 1 7 - 0 . 4 7 2 5 8  
0 .46927-0 .47267 
0 .46947-0 .47282 
0 .46973-0 .47298 
0 .46996-0 .47316 
0 .47010-0 .47329 
0 .47022-0 .47340 
__-_________---__. 

0.46843-0 .47434 
0 .46813-0 .47289 
0 .46814-0 .47293 
0 . 4 6 8 1 7 - 0 . 4 7 3 0 0  
0 .46862-0 .47313 
0 .46872-0 .47323 
0 .46892-0 .47337 
0 .46920-0 .47351 
0 .46944-0 .47368 
0 . 4 6 9 5 8 - 0 . 4 7 3 8 1  
0 .46970-0 .47392 

0 .4717 0.0011 
0 . 4 7 1 1  0.0009 
0 . 4 7 1 1  0 . 0 0 0 9  
0 .4712 0 . 0 0 0 9  
0 .4715 0 .0009 
0 .4716 0.0009 
0 .4718 0 .0009 
0 . 4 7 2 0  0 . 0 0 0 9  
0 .4722 0 . 0 0 0 9  
0.4723 0 .0009 
0 .4724 0 .0009 

0 .4702 0 .0013 
0 . 4 6 9 5  0 , 0 0 1 0  
0 . 4 6 9 5  0.0010 
0 . 4 6 9 6  0.0010 
0 . 4 6 9 9  0.0010 
0 . 4 7 0 1  0 . 0 0 1 0  
0 , 4 7 0 3  0 .0010 
0 . 4 7 0 5  0 . 0 0 0 9  
0 .4707 0 . 0 0 0 9  
0 .4708 0 . 0 0 0 9  
0 .4709 0.0009 

.- 

109 
108 
107 
106 
1 0 5  
104 
103 
102 
1 0 1  
100'  

0 .47020-0 .47340 
0 .47025-0 .47347 
0 .47023-0 .47348 
0 .47033-0 .47357 
0 .47037-0 .47364 
0 .47024-0 .47354 
0 ,47053-0 .47373 
0 .47063-0 .47382 
0 .47065-0 .47388 
0 .47071-0 .47395 

0 . 4 6 9 6 7 - 0 . 4 7 3 9 3  
0 . 4 6 9 7 2 - 0 . 4 7 4 0 0  
0 .46970-0 .47401 
0 . 4 6 9 8 1 - 0 . 4 7 4 1 0  
0 .46984-0 .47417 
0 .46970-0 .47408 
0 . 4 7 0 0 1 - 0 . 4 7 4 2 5  
0 . 4 7 0 1 1 - 0 . 4 7 4 3 4  
0 .47013-0 .47440 
0 .47018-0 .47448 

436023 0 .4709 0 .0009 
4319921 0 . 4 7 1 0  0 . 0 0 0 9  
4279991 0 . 4 7 1 0  0 . 0 0 1 0  
4238981 0 . 4 7 1 2  0.0009 
4200951 0 .4712 0 .0009 
4158861 0 .4710 0 .0009 
4117111 0 .4712 0 .0009 
4081041 0 .4714 0 .0009 
4040151 0 .4714 0.0009 
3999021 0 . 4 7 1 4  0 .0009 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0 . 4 7 0 9  0 .0009 
0 . 4 7 1 0  0 .0009 
0 . 4 7 1 0  0 .0010 
0 .4712 0 .0009 
0 . 4 7 1 2  0 . 0 0 0 9  
0 . 4 7 1 0  0 . 0 0 0 9  
0 . 4 7 1 2  0 . 0 0 0 9  
0 . 4 7 1 4  0 . 0 0 0 9  
0 . 4 7 1 4  0 . 0 0 0 9  
0 . 4 7 1 4  0 . 0 0 0 9  

_ _ _ _ _ _ _ _ _ - - _ _ _ _ _  

0 .4724 0 . 0 0 0 9  1 9 5 / 9 5 / 9 5  
0.4724 0 . 0 0 0 9  ( 9 5 / 9 5 / 9 5  
0 .4724 0 . 0 0 0 9  1 9 5 / 9 5 / 9 5  
0 . 4 7 2 5  0 .0009 9 5 / 9 5 / 9 5  
0 .4726 0.0009 1 9 5 / 9 5 / 9 5  
0.4726 0.0009 1 9 5 / 9 5 / 9 5  
0 .4728 0 . 0 0 0 9  195/95 /95  
0 .4729 0 . 0 0 0 9  1 9 5 / 9 5 / 9 5  
0 .4730 0 .0009 1 9 5 / 9 5 / 9 5  
0 .4730 0 .0009 ) 9 5 / 9 5 / 9 5  

I 

22 
24 
26  
28  
30 
32 
34 
36 
3 R  
40  

98 
96 
94 
92 
90 
88 
86 
84 
8 2  
A0 

9 5 / 9 5 / 9 5 
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5 

0 .47212 0 .00083 
0 . 4 7 2 0 1  0 .00085 
0 .47203 0 .00087 
0.47209 0 .00087 
0 .47209 0 .00088 
0.47240 0 ,00088 
0 . 4 7 2 6 1  0.00089 
0 .47276 0 . 0 0 0 9 1  
0 .47277 0 .00093 
0.47283 0 .00096 

0 .47047-0 .47378 
0 . 4 7 0 3 2 - 0 . 4 7 3 7 1  
0 .47030-0 .47376 
0 .47036-0 .47382 
0 .47033-0 .47385 
0 .47065-0 .47415 
0 . 4 7 0 8 4 - 0 . 4 7 4 3 9  
0 .47095-0 .47456 
0 . 4 7 0 9 1 - 0 . 4 7 4 6 2  
0 .47093-0 .47474 

0 .46993-0 .47432 
0 .46977-0 .47426 
0 .46974-0 .47432 
0 .46979-0 .47439 
0 . 4 6 9 7 6 - 0 . 4 7 4 4 3  
0 .47008-0 .47472 
0 .47026-0 .4  7497 
0 . 4 7 0 3 7 - 0 . 4 7 5 1 5  
0 .47031-0 .47523 
0 . 4 7 0 3 0 - 0 . 4 7 5 3 6  

3917381 0 . 4 7 1 1  0.0009 
3838421 0 . 4 7 0 9  0 .0009 
3 7 5 9 4 0 )  0 .4709 0 .0009 
3679061 0 . 4 7 1 0  0.0010 
359946 0 . 4 7 1 0  0 .0010 
3520431 0 . 4 7 1 1  0.0010 
3440261 0 . 4 7 1 3  0.0010 
335933 0 .4713 0 . 0 0 1 0  
3280221 0 . 4 7 1 3  0,0010 
3199851 0 . 4 7 1 2  0.0011 

3 1 1 8 6 1 )  0.4713 0 , 0 0 1 1  
3 0 3 9 0 1 )  0 .4713 0 . 0 0 1 1  
2957381 0 .4712 0 . 0 0 1 1  
287950 0 . 4 7 1 7  0 , 0 0 1 1  
2797961 0 . 4 7 1 6  0.0011 
2716731 0 . 4 7 1 6  0.0011 
2636561 0 .4714 0 . 0 0 1 1  
2 5 5 7 9 7 )  0 .4715 0 .0012 
2476491 0 . 4 7 1 6  0 ,0012 

_ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

0 . 4 7 1 1  0 . 0 0 0 9  
0 . 4 7 0 9  0 .0009 
0 . 4 7 0 9  0 . 0 0 0 9  
0 . 4 7 1 0  0.0010 
0 . 4 7 1 0  0 . 0 0 1 0  
0 . 4 7 1 1  0.0010 
0 . 4 7 1 3  0 . 0 0 1 0  
0 . 4 7 1 3  0 . 0 0 1 0  
0 .4713 0 . 0 0 1 0  
0 . 4 7 1 2  0 . 0 0 1 1  

0 . 4 7 3 1  0 . 0 0 0 9  
0 . 4 7 3 1  0.0009 
0 . 4 7 3 1  0.0009 
0 . 4 7 3 1  0 .0009 
0.4731. 0 . 0 0 0 9  
0.4734' 0 .0009 
0 .4736 0 .0009 
0 .4738 0 .0009 
0 . 4 7 3 8  0.0010 
0 . 4 7 3 9  0 .0010 

0 .4742 0 , 0 0 1 0  
0 .4742 0 . 0 0 1 0  
0 .4740 0 .0010 
0 . 4 7 4 6  0.0010 
0 .4746 0.0010 
0 .4747 0.0010 
0 .4749 0 . 0 0 1 0  
0.4748 0 . 0 0 1 1  
0 .4749 0.0011 

_ _ - - - _ - _ _ _ - _ _ _ -  _ _ _ _ - _ _ _ _ - - _ _ _ _ _ _ _ _ _ - ~ - ~ - -  
9 5 / 9 5 / 9 5  0 .47300 0 .00096 
9 5 / 9 5 / 9 5 (  0 .47296 0.00099 
9 5 / 9 5 / 9 5 1  0 .47284 0 .00100 
9 5 / 9 5 / 9 5 )  0 . 4 7 3 4 1  0 .00095 
9 5 / 9 5 / 9 5 (  0 .47338 0 .00097 
9 5 / 9 5 / 9 5 1  0 .47339 0.00099 
35 /95 /951 0.47345 0.00105 
3 5 / 9 5 / 9 5 )  0.47353 0 . 0 0 1 0 6  
3 5 / 9 5 / 9 5 1  0 .47362 0 .00109 

42 
44 
4 6  
48 
50  
52 
54 
5 6  
5R 

78 
76  
74 
72 
7 0  
68 
66 
64 
62 

0 .4713 0 . 0 0 1 1  
0 .4713 0 . 0 0 1 1  
0 . 4 7 1 2  0 . 0 0 1 1  
0 .4717 0.0011 
0 . 4 7 1 6  0 . 0 0 1 1  
0 . 4 7 1 6  0 . 0 0 1 1  
0 . 4 7 1 4  0 . 0 0 1 1  
0 .4715 0 . 0 0 1 2  
0 . 4 7 1 6  0:0012 

0 .47108-0 .47492 
0 .47100-0 .47492 
0 .47084-0 .47483 
0 . 4 7 1 5 2 - 0 . 4 7 5 3 0  
0 . 4 7 1 4 5 - 0 . 4 7 5 3 2  
0 .47141-0 .47538 
0 .47136-0 .47554 
0 .47141-0 .47565 
0 . 4 7 1 4 3 - 0 . 4 7 5 8 1  

0 . 4 7 0 4 6 - 0 . 4 7 5 5 4  
0 . 4 7 0 3 6 - 0 . 4 7 5 5 7  
0 .47018-0 .47549 
0 .47090-0 .47592 
0 .47081-0 .47596 
0 .47075-0 .47603 
0 .47067-0 .47623 
0 .47071-0 .47635 
0 .47071-0 .47654 

* " 



c 
60 60 239739) 0.4718 0,0012 0.4718 0,0012 0.4751 0.0011 195/95/951 0.47383 0.00111 0.47161-0.47605 0,47088-0.47678 

62 58 2317541 0.4719 0,0013 0.4719 0,0013 0.4754 0.0011 195/95/95) 0.47415 0.00114 0.47186-0.47643 0.47111-0.47718 
64 56 223712) 0.4722 0,0013 0.4722 0.0013 0.4757 0.0011 195/95/951 0.47436 0.00115 0,47205-0.47668 0.47128-0.47745 
6 6  54 2156991 0.4721 0,0013 0.4721 0.0013 0.4755 0.0011 195/95/95 0.47434 0.00116 0.47200-0.47668 0.47123-0.47746 
68 52 2075231 0.4719 0.0013 0.4719 0.0013 0.4754 0.0012 ]95/95/951 0.47408 0.00120 0.47167-0.47648 0.47087-0.47728 
70 50 1997501 0.4719 0.0014 0.4719 0,0014 0.4751 0.0012 195/95/951 0.47401 0.00120 0,47160-0.47643 0,47079-0.47723 . 
72 48 191756) 0,4721 0.0014 0,4721 0.0014 0,4751 0.0012 95/95/95! 0.47405 0.00123 0.47157-0.47654 0,47074-0.47737 
74 46 183522) 0.4717 0.0014 0.4717 0.0014 0.4749 0,0012 95/95/951 0.47383 0.00119 0,47144-0.47622 0.47064-0.47703 
7 6  44 175650) 0.9711 0,0014 0.4711 0,0014 0,4742 0,0011 95/95/95 0.47319 0.00112 0.47092-0.47545 0,47016-0.47622 
78 42 1677371 0,4708 0,0014 0,4708 0.0014 0,4741 0.0012 195/95/951 0.47299 0.00117 0.47062-0.47535 0.46962-0.47615 
80 40 1598331 0.4707 0.0015 0.4707 0,0015 0.4736 0.0012 195/95/951 0.47282 O.OO,l19 0.47041-0.47523 0.46959-0.47605 

A2 3R 1517621 0,4708 0,0015 0,4708 0.0015 0.4736 0.0012 95/95/951 0.47278 0.00124 0.47025-0.47530 0.46939-0.47616 
R 4  36 143692) 0.4704 0,0016 0,4704 0,0016 0.4736 0.0013 195/95/951 0.47269 0.00134 0.46996-0.47542 0.46902-0.47635 
86 34 1357861 0,4703 0.0017 0.4703 0,0017 0.4737 0.0014 95/95/95( 0.47276 0.00142 0,46986-0.47566 0.46886-0.47666 
88  32 1278131 0.4702 0.0018 0.4702 0,0018 0.4735 0.0014 195/95/95/ 0.47258 0.00146 0.46958-0.47557 0.46854-0.47662 
90 30 1198851 0.4706 0,0019 0.4706 0,0019 0,4732 0.0015 195/95/951 0.47254 0.00153 0,46939-0.47568 0.46829-0.47676 
92 28 111827) 0.4703 0.0020 0.4703 0,0020 0.4732 0.0016 (95/95/95( 0.47246 0,00163 0.46911-0.47581 0.46792-0.47699 
94 26 103931) 0,4700 0,0021 0.4700 0,0021 0,4728 0.0017 (95/95/951 0,47210 0,00170 0,46859-0.47561 0.46733-0.47687 
96 24 958781 0.4691 0.0021 0,4691 0 . 0 0 2 1  0.4725 0.0017 )95/95/951 0.47152 0.00178 0.46782-0.47522 0.46648-0.47656 
98 22 878471 0.4689 0.0023 0.6689 0,0023 0,4718 0 . 0 0 1 8  )95/95/95) 0.47108 0.00186 0,46718-0.47497 0.46575-0.47640 
100 20 79953) 0.4696 0,0025 0.4696 0,0025 0.4722 0 . 0 0 1 8  (95/95/951 0.47172 0,00188 0.46775-0.47566 0,46627-0.47716 

102 18 719961 0.4699 0,0027 0.4699 0,0027 0.9714 0.0019 95/95/95 0,47123 0.00199 0,46698-0.47548 0.46536-0.47710 
104 16 641011 0.4697 0.0023 0.4697 0.0023 0.4720 0,0019 195/95/951 0.47128 0.00184 0.46731-0.47525 0.46574-0.47682 
106 14 557961 0.4688 0,0023 0.4688 0,0023 0.4717 0.0020 (99/99/95) 0.47060 0.00188 0,46646-0.47473 0,46476-0.47643 
108 12 479381 0.4690 0.0027 0.4690 0,0027 0.4722 0.0023 (99/99/95( 0.47099 0,00220 0.46601-0.47598 0,46383-0.47815 
110 ' 10 39847) 0.4688 0.0031 0.4686 0.0031 0.4713 0.0025 no/no/951 0.47060 0.00260 0.46445-0.47675 0.46150-0.47970 
112 8 318591 0.4673 0.0038 0.4673 0.0038 0.4722 0.0029 195/95/95) 0.47124 0.00358 0.46203-0.48044 0.45680-0.48568 
114 6 239981 0.4676 0.0045 0.4676 0,0045 0.4701 0.0025 95/95/951 0.47017 0.00295 0,46079-0.47954 0.45296-0.48737 
116 4 15883) 0.4707 0.0029 0.4707 0.0029 0.4692 0.0029 195/95/951 0.46997 0.00329 0.42817-0.51177 0.26061-0.67933 
117 3 12100 0.4699 0.0039 0.4699 0,0039 0.4670 0.0025 1 
118 2 78581 0.4670 0.0045 0.4670 0,0045 0.4672 0.0044 I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

___.____________________________________------------------------------------------------------------------------------------------- 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_.._____________________________________-----------------------------------.------------------------------------------------------- 

the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with IO inactive cycles and 110 active cycles. 

the first active half of the problem skips 20 cycles and uses 5 0  active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs:trk-len keff, one standard deviation, and 68, 95, and 99 percent intervals for each active half of the problem are: 

problem keff standard deviation 6'8% confidence 958 confidence 99% confidence 

first half 0.47095 0.00112 0.46982 to 0.47208 0.46869 to 0.47320 0.46793 to 0.47396 
second half 0,47401 0.00120 0.47280 to 0,47522 0,47160 to 0.47643 0,47079 to 0,47723 
final result 0,47233 0. 00081 0.47152 to 0,47315 0.47071 to 0.47395 0.47018 to 0.47448 

the € i r s t  and second half values of k(collision/absorption/track length) appear to be the same at the 95 percent confidence level 
l p lo t  of the estimated col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0,47233) 
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cycles cycles 
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6 4  
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6 6  
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7 2  
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7 4  
7 5  
7 6  
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5 7  
5 6  
5 5  
5 4  
5 3  
5 2  
5 1  
5 0  
49 
4 R  
4 7  
4 6  
4 5  
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43 
42  
4 1  
40  
3 9  
38 
37  
3 6  
35  
34  
3 3  
3 2  
3 1  
30 
29 
2R 
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1 8  
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1 6  
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1 3  
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11 
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C 

I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
dump no .  5 on f i l e  ls310r nps = 4 7 7 4 9 1  coll = 1 0 9 0 9 4 2 5 9  ctm = 5 4 . 1 9  i irn = 18359430912 

2 warning messages so f a r .  

I o z  
0 cn 
m 
I 
0 
0 
U 



run terminated when 120 kcode cycles were done. 

carnputer time = 54.21 minutes 

mciip version 4a 10/01/93 12 /05 /00  17:51:45 probid = 12/05/00 16:57:33 

I 
0 
0 
c1 
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Job NO: 30822-244-330 /6860 Calculation No: BUF-2001-001/l?ev. 1 Date: Januarv 5,2000 

Problem Statement & Calculation Objectives: 

To determine the neutron multiplication factors for OQ x 03 x 4 arrays of 55 gallon drums and B-25 boxes with 
Pu-239-cellulose spheres and variable density cellulose outside the sphere. The cellulose inside the sphere 
with Plutonium has a constant density. There is no water outside the containers with fissile material. 
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Attachment 1 : Case 1 with MCNP surface and cell numbers 
Attachment 2: Case 1 MCNP input file 
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Attachment 6: Case 2 MCNP output file 
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Analysis 
Assumptions 

e 

0 

e 

e 

e 

e 

0 

0 

0 

Pu-239 inside the sphere is uniformly mixed with 0.9 g/cm3 cellulose 
The pure cellulose fills the entire space inside the container and outside the Plutonium sphere. 
The containers stand on the 3 m thick concrete floor 
B-25 box inside dimensions are 172.72 x 137.16 x 87.63 cm or 68 x 54 x 34.5 inches 
The B-25 box wall thickness is zero 
Every B-25 Box contains 350 g of Pu-239 
The B-25 boxes are arranged in the infinite square array, 4 tiers heigh (m xm x 4) 
The 55 gallon drum is a cylinder with 56.83 cm (22.37 inches) inside diameter and 89.1 1 ern (35.08 
inches) height 
The drum wall is made of carbon steel and its thickness is 0.157 ern 
The drums are arranged in the infinite hexagonal array, 4 tiers heigh (W x m  x 4) 
Every drum contains 200 g of Pu-239 
There is no water outside containers, air fills the space between the containers 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Two different cases were studied: 

Case 1. 
Case 2. 

x 00 x 4 array of 55 gallon drums 
x 00 x 4 array of B-25 boxes 

Attachments 1 and 4 have the drawings of the models used for case 1 and 2 respectively. Examples of MCNP 
input and output files for both cases can also be found in the Attachments. The plutonium spheres were 
located in the different positions on the drum's radius and on the box's angle bisector as it shown in 
Attachments 1 and 4. The Z-coordinates for the spheres' centers were chosen so that the lst tier sphere is 
located at the top of the container and at the same time the 2nd tier sphere is located at the bottom, the 3rd tier 
sphere is located at the top and 4'h tier sphere is located at the bottom, i.e. the lst tier - 2"d tier sphere contact 
and 3rd - 4'h tier sphere contact. The density parametric analysis for the cellulose outside the sphere with 
Plutonium was performed for each case. 
Air, Carbon Steel, Concrete and Cellulose Composition 

'U' 
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Element 

Carbon (C) 

Nitrogen (N) 

Oxygen (0) 

Argon (W 
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Weight Fraction 

0.000124 

0.755267 

0.231781 

0,012827 
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Element 

Iron (Fe) 

Carbon (C) 

i/ 

Job No 30822-244-330 /6860 Job: PSR-6 By JK Date /O?./d 
Client WVNS Subiect: cellulose-Pu-239 sDheres Chk’d. /a Date /dj&, 

Weight Fraction 

0.995 

0.005 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element weight 
fractions for carbon steel (Harmon C. D., II et al., 1993) used in the drum walls. Table 3 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 

Element 

Hydrogen (H) 

Oxygen (0) 

Sodium (Na) 

Aluminum (Al) 

Silicon (Si) 

Calcium (Ca) 

Iron (Fe) 

Table 1. Air composition 

Weight Fraction 

0.010 

0.532 

0.029 

0.034 

0.337 

0.044 

0.014 

Table 3. Concrete composition 

- The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 4) and the cellulose chemical formula - C6H,,0,. 
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Element 

Hydrogen (H) 

Carbon (C) 

Oxygen (0) 
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Atomic Weight 

1.00794 

12.0107 

15.9994 
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Element Weight Fraction 

Hydrogen (H) 0.062 

Carbon (C)  0.444 

Oxygen (0) 0.493 
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The molecular weight of cellulose (C,H,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an i" element was found as a ratio of the i" element weight in the molecule 
to the molecular weight of this molecule. 

where 
(wJCel = the weight fraction of ith element in a molecule of cellulose 
ni = the number of the ith elements in a cellulose molecule 
Ai = the atomic weight of the i" element, g/mol 
Mcer = the molecular weight a cellulose molecule, @mol 

' 

Calculated weight fractions for cellulose are shown in Table 5. 

Radii of the Plutonium containing spheres. e 

The spheres with several different radii were studied. The minimum size of the Plutonium containing sphere 
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corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container: drum radius or half-height of B-25 box. The minimum radius equation (3) was derived from the 
volume of a sphere equation (2) 

where: 
R,, = the minimum possible radius of the sphere containing Pu-239, cm 
R,, = the radius of the metal Plutonium sphere, cm 
Vpu = the volume of the sphere with Pu-239, cm3 
mpu = the mass of the Plutonium sphere, g 
ppu = the density of the metal Plutonium, 19.78 g/cm3 

Composition of the Plutonium containing spheres 
i/ 

The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of the mixture was determined using 
equation (4): 

- M ioial = m P u  + mcel = m P u  + V c e l P c e l  - 

where 
MTota, = the total mass of the mixture, g 
mpu = the mass of Pu-239 in a sphere, g 
mLel = the mass of a cellulose in a sphere, g 
VTotnr = the total volume of a sphere, cm3 
Vcel = the volume of a cellulose in the sphere, cm3 
peel = the density of a cellulose, 0.9 g/cm3 
V,, = the volume of Pu-239 in the sphere, cm3 
ppIc = the density of the metal Plutonium, 19.78 g/cm3 

LJ' 
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R = the radius of a Plutonium containing sphere, cm 

In the Plutonium-cellulose mixture, the weight fraction of Pu-239 was calculated using equation 5,  and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6 )  and the weight fraction of an element 
in a pure cellulose (equation 1). 

- rn Pu - rn P U  - 
(5 )  

W P U  - 
M total 

All variables in equations 5-7 are as described above. Table 6 shows the composition of the Plutonium 
containing spheres for case 1 (drum) and Table 7 shows the composition of the Plutonium containing spheres 
for case 2 (B-25 box). 
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Carbon (C) weight fraction 
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1.2646 0.9456 0.9 135 0.9057 0.9020 
0.30205 1 0.050495 0.0 15487 0.00659 0.002308 
0.3 10207 0.422012 0.437572 0.44 1526 0.443429 

Job: PSR-6 Bv .3vc Date !Q//d 'u Job No 30822-244-330 16860 
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~~ 

Hydrogen (H)weight fraction 
Oxvgen (0) weight fraction 

0.043388 0.059026 0.06 1202 0.061755 0.06202 1 
0.344354 0.468467 0.48574 0.490 129 0.49224 1 

Table 7. The composition of the Plutonium containing spheres for case 2 (B-25 boxes with 350 g of Pu-239 
in each one). 

u 
Results 
The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. The tables provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (a), and the graphs plot the k,, +2 u values for all studied cases. The 55 gallon drum 
dimensions tolerance analysis was performed for the case of void space outside the plutonium-cellulose 
mixture. Table 8 and Figure 2 show the comparison of the keff values for the drum with 56.83 cm (22.37 
inches) inside diameter and 89.11 cm (35.08 inches) height against the drum with 56.83 cm (22 inches) 
inside diameter and 89.11 cm (35 inches) height. 

Table 7. The neutron multiplication factor (kef,> values and their standard deviations (a) for 200 g Pu-239 
spheres in the 55 gallon drums with cellulose. The spheres are located so that they touch the drum wall. The 
Z-coordinates spheres' centers correspond to the location of 1'' tier - Znd tier sphere contact, and 3'd - 4~ tier 
sphere contact. 
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n and X-, Y-, 2, coordmates tor the center ot the sphere, cm 22.3'1 Inches aamter and 35.08 u~ches he@t 

R X Y ZI 22 ' 23 24 t a k.+ 20 

10 18.41 0 79.1 12 99.1 12 257.336 277.336 0.5742 0.0014 0.5770 

15 13.41 0 74.112 104.112 252.336 282.336 0.8278 0.0010 0.8299 

5 23.41 0 84.112 94.112 262.336 272.336 0.1495 0.0007 0.1509 

~ 

20 8.41 0 69.112 109.112 247.336 287.336 0.8099 o.ma 0.81 15 

0 0 60.702 117.522 238.926 295.746 0.5768 o.oO04 0.5776 - 

URS Sheet No. 8/10 
Calc. No. BUF-200i-ooi 
Rev. No. 1 

Job NO 30822-244-330 /6860 Job: PSR-6 Bv 1'" Date &p$hY-ij 
Client WVNS Subiect: cellulose-Pu-239 spheres Chk'd. g.2 Date lu/V/u/ 

Figure 1. keE +2a for 200 g Pu-239 spheres in the 55 gallon drums with cellulose. The spheres are located 
so that they touch the drum wall. The Z-coordinates spheres' centers correspond to the location of lst tier - 
2"d tier sphere contact, and 3rd - 4" tier sphere contact. 
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0 . m  
0.7ax) 

E 0 . m  s 0 . m  
y 0 . m  
5 0.3oOo 

0.2oOo 
0.1m 
0 . m  

0 5 10 15 20 25 30 
wdius of the sphere, cm 

I 

Table 8. Comparison of the kff values for the drum with 56.83 cm (22.37 inches) inside diameter and 89.1 I 
cm (35.08 inches) height against the drum with 56.83 cm (22 inches) inside diameter and 89.1 1 cm (35 
inches) height 

Figure 2. Comparison of the k,, values for the drum with 56.83 crn (22.37 inches) inside diameter and 89. 
cm (35.08 inches) height against the drum with 56.83 cm (22 inches) inside diameter and 89.1 1 cm (35 
inches) height 
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I 

Table 
9. The neutron multiplication factor (kefl) values and their standard deviations (a) for 350 g h-239 spheres in 
the B-25 box with cellulose. The spheres are located so that they touch the box wall in two points. The Z- 
coordinates spheres' centers correspond to the location of lst tier - 2Dd tier sphere contact, and 31d - 4* tier 
sphere contact. 

Figure 3. k,, + 2 ~  for 350 g Pu-239 spheres in the B-25 box with cellulose. The spheres are located so that 
they touch the box wall in two points. The Z-coordinates spheres' centers correspond to the location of lst 
tier - 2"d tier sphere contact, and 3rd - 4'h tier sphere contact. '=-.J 
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3~610 
Pu-239 in cellulose matrix. 1nfini.te lattice of 55 gal. drums, 4 tiers 
C The drum height is 35 1/12 inch (89.112 cml 
c drum wall thickness is 0.157 cm 
C Cell cards 
C 
c -__---------------_-------------------.--------------------------------- 

1 65 -7.82 5 -6 2 -3 imp:n=l $ drum wall 
2 1 -0.90 -5 2 -3 8 9 10 11 imp:n=l S pure cellulose 
3 64 -0.001233 -21 22 -23 24 -25 26 2 - 3  6 imp:n=l $ air ouside the drum 
4 0  21 : -22 : 23 : -24 : 25 : -26 : -7 : 3 imp:n=O S Outside world 
5 2 - 2 . 3  -21 22 -23 24 -25 26 -2 7 imp:n=l $ concrete floor 
6 3 -0.9135 -8 imp:n=l S Plutonium sphere 
7 3 -0.9135 -9 imp:n:l $ Plutonium sphere 
8 3 -0.9135 -10 imp:n=l 5 Plutonium sphere 
9 3 -0.9135 -1 1 imp:n=l S Plutonium sphere 
c __________-___-_ -_______________________- - - - - - - - - - - - - - - - - - - - - - - - - -~ - - - - -  

c Note: next line must be completely blank 

c Surface cards 
c _________-__ -____-______________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
2 pz 0 $ drum bottom plane 
3 pz 356.448 $ drum top plane 
5 cz 28.418 $ 28.418 cm radius cylinder (internal wall of the drum1 
6 cz 28.575 $ 28.575 cm radius cylinder [external wall of the drum) 
7 PZ -300 $ concrete bottom plane 
8 s 13.41 0 74.112 15.0 5 plutonium sphere 
9 s 13.41 0 104.112 15.0 $ plutonium sphere 
10 s 13.41 0 252.336 15.0 $ plutonium sphere 
11 s 13.41 0 282.336 15.0 S plutonium sphere 

c hexagonal cell with reflecting surfaces outside the drum 
c (simulates infinite array of the drums) 
c begin the lattice surfaces 

t-/ 

C 

C 

*21 p 0.8660254 -0.5 0 28.575 
*22 p 0.8660254 -0.5 0 -28.515 
*23 p 0.8660254 0 . 5  0 28.575 
*24 p.G.8660254 0.5 0 -28.575 
* 2 S  DV 28.575 
* 2 6  & -28.575 
c end of lattice surfaces 'd 

C c _-___-__________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Data cards 
C 
c Materials 

C 

C 
c C e l u l o s e  (Elements: C, H, 0 )  
ml 6 0 0 0 . 5 0 ~  - 0 . 4 4 4  

1001.50~ -0.062 
8016.50~ -0.453 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p .  C-4 
c (Elements: H, 0 ,  Na, Si, A l ,  Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0.532 
11023. 5 0 ~  -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

c Plutonium-239 with cellulose 
m3 94239.55~ -0.01'5487 

. 6000.50~ -0.437572 
1001.50~ -0.061202 
8016.50~ -0.48574 

c Air ( C ,  N, 0 ,  A r )  composition from Attix p.532 
m64 6000.50~ -0.000124 

7014.50~ -0,755267 
8016.50~ -0.231781 
18000.35~ -0.012828 

c Carbon Steel (C, F e )  composition from Crit. Calc. with MCNP p .  C-10 
m 6 5  6000. SOc -0.005. 

26000.55~ -0.995 
*d 

' Page 1 



mode n 
p r i n t  40 60 80 100 110 1 2 6  
kcode 4 0 0 0  1. 2 0  1 2 0  
k s r c  1 3 . 4 1  0 7 4 . 1 1 2  

1 3 . 4 1  0 104.112 
1 3 . 4 1  0 2 5 2 . 3 3 6  
1 3 . 4 1  0 2 8 2 . 3 3 6  

WVNS-NCSE-001 
REV. 0 

3 ~ 6 1 0  

'-- 

Page  2 



WVNS-NCSE-001 
REV. 0 

Attachment 3: Case 1 MCNP output file 



lmcnp version 4a, ld=10/01/93 12/19/00 11:13:29 , 
. *** . ** . *~.*** . .~*** . *~~*.* . . ** . **~, . . . . . . . .+~* .~.~. . * . *** . . *** . *****~.~*  
name~3s610 

1- 
2- 
3- 
4- 
5 -  
6 -  
7- 

. R -  
9- 
10- 
1 1 -  
12- 
13- 
1 4 -  
1 5 -  
16- 
17- 
18- 
1 3 -  
2 0 -  
2 1 -  
22- 

24- 
2 5 -  
2 6 -  
27- 
2 0 -  
29- 
30- 
31- 
32- 
33 - 
3 4 -  
35-  
3 6 -  
37- 
3 8 -  
39- 
4 0 -  
41- 
42 - 
43- 
44- 
45- 
46- 
41 - 
48- 
49- 
5 0 -  
51- 
52 - 
5 3 -  
54- . 55- 
5 6 -  
5 7 -  
5 8 -  

9 2 .  c -  

Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 
C The drum height is 35 1/12 inch (89.112 cml 
c drum wall thickness is 0 . 1 5 7  cm 
C Cell cards 
C 
C _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 6 5  -7.82 5 -6 2 - 3  imp:n=l $ drum wall 
2 1 -0.90 -5 2 - 3  a 9 10 11 imp:n=l S pure cellulose 
3 64 -0,001293 -21 22 -23 24 -25 26 2 -3 6 imp:n=l $ air ouside the drum 
4 0  21 : -22 : 23 : -24 : 25 : -26 : -7 : 3 imp:n=O S Outside world 
5 2 - 2 . 3  -21 22 -23 24 - 1 5  26 - 2  7 imp:n=l $ concrete floor 
6 3 -0.9135 -8 imp:n=l $ Plutonium sphere 
7 3 -0.9135 -9 imp:n=l S Plutonium sphere 
8 3 -0.9135 -10 imp:n=l $ Plutonium sphere 
9 3 -0.9135 -11 imp:n=l $ Plutonium sphere 
c __._____________________________________-------------------------------- 

c Note: next line must be completely blank 

c Surface cards 
c ________________________________________----------------~--.------------ 

2 pz 0 S drum bottom plane 
3 pz 356.448 S drum top plane 
5 cz  28.418 S 28.418 cm radius cylinder (internal wall of the drum1 
6 cz  28.575 S 28.575 cm radius cylinder fexternal wall of  the drm) 
7 pz -300 S concrete bottom plane 
8 s 13.41 0 74.112 15.0 S plutonium sphere 
9 s 13.41 0 104.112 15.0 S plutonium sphere. 
10 s 13.41 0 252.336 15.0 $ plutonium sphere 
11 s 13.41 0 282.336 15.0 $ plutonium sphere 

C 

C 
c hexagonal cell with refiecting surfaces outside the drum 
c (simulates ineinite array of the drums) 
c begin the lattice surfaces 
'21 p 0.8660254 -0.5 0 28.575 
'22 p 0.8660254 -0.5 0 -28.575 
'23 p 0.8660259 0.5 0 28.575 
'24 p 0.8660254 0.5  0 -28.575 
-25 py 28.575 
'26 py - 2 8 . 5 7 5  
c end of lattice surfaces 
C c ________._______________________________------.-----.-------------- 

c Note: next line must be completely blank 

c Data cards 
C 
c Materials 

c Celulose (Elements: C, H, 0 )  
ml 6000.50~ -0.444 

1001.50~ -0.062 
R016.50~ -0,493 

C 

c Concrete (KENO Regular Concrece Standard Mix1 from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C - 4  
c (Elements: H. 0 .  Na. Si, A l ,  Ca. Fel 
m2 1 0 0 1 . 5 0 ~  -0.010 

probid = 12/19/00 11:13:29 



i. 
5 9 -  
60- 
6 1 -  
62 - 
6 3 -  
6 4 -  
6 5 -  
6 6 -  
67 - 
6 8 -  
69- 
70- 

12- 
73- 
74- 
7 5 -  
76- 
77- 

71- 

RO16.50c -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50C -0,337 
2oo00.50~ -0.046 
26000.55~ -0,014 

c Plutonium-239 with cellulose 
m3 . 94239.55~ -0.015487 

6000.50~ -0.437572 
1001.50~ -0.061207- 
8016.50C -0.48574 

c Air (C, N. 0. AT) compositlon from Attix p . 5 3 2  
m64 6000.50~ -0.000124 

7014.50C -0,755267 
8016.50~ -0,231781 
18000.35~ -0,012828 

c Carbon Steel (C, Fe) composition from Crit. Calc. with MCNP p. C - 1 0  
m65 6000.50~ - 0 . 0 0 5  

26000.55C -0.935 
7 8 -  C 

7 9 -  mode n 
R O -  print 4 0  60 80 100 110 1 2 6  
81- kcode 4000 1. 20 120 
82- ksrc 13.41 0 74.112 
83- 13.41 0 104.112 
84 ~ 13.41 0 1 5 2 . 3 3 6  
85- 13.41 0 281.336 
8 6 -  

total fission nubar data are being used. 
lmaterial composition 

the sum of the fractions of material 1 was 9.9900008-01 

material 
number component nuclide, atom fraction 

1 5000, 0.28588 1001, 0 . 4 7 5 7 6  8016, 0.23837 
2 1001, 0.16803 8016, 0 . 5 6 3 2 4  11023, 0.02136 13027, 0.02134 

14000, 0.20319 20000, 0.01859 26000, 0.00425 
3 94239. 0.00051 6000, 0.28553 1 0 0 1 ,  0.47595 8016, 0 . 2 3 8 0 1  

64 6000, 0.00015 7014, 0.78443 8016, 0.21075 18000. 0,00467 
65 6000. 0.02283 26000, 0,97717 

material 
number component nuclide. mass fraction 

1 6000, 0.44444 1001. 0,06206 8016, 0.49349 

14000. 0.33700 20000. 0,04400 26000, 0.01400 
7 1001, 0.01000 8016, 0.53200 11023, 0.02900 13027, 0.03400 

3 94239, 0.01549 6000. 0.43757 1001, 0.06120 8016, 0,48574 
6 4  6000, 0.00012 7014. 0.75527 8016. 0.23178 18000. 0,01283 
65 6000, 0.00500 26000. 0.99500 

warning. 1 of the materials had unnormalized fractions. 
lcells 

n e u t r o n  atom gram 
cell mat density density volume mass pieces importance 

print table 40 

print table 60 

0 
I-J 



1 1 
2 

3 3 
4 4 
5 5 
6 6 
7 7 
8 8  
9 9  

6 5  
1 

6 4  
0 
2 
3 
3 
3 
3 

8 . 5 8 6 5 1 E - 0 2  7 . 8 2 0 0 0 E + C O  :.00?00E+04 7 . 8 3 5 6 3 € + 0 4  
7 . 0 1 5 2 4 E - 0 2  9 . 0 0 0 0 0 E - 0 1  0.00000E+00 0.00000E+00 
5 . 3 5 3 8 6 E - 0 5  1 . 2 9 3 0 0 E - 0 3  0 . 0 0 0 0 O E + 0 0  0 . 0 0 0 0 0 E + 0 0  
0 . 0 0 0 0 0 E + 0 0  0.00000E+00 0.00000E+00 O.OOOOOE+OO 
8 . 1 7 9 1 3 E - 0 2  2 . 3 0 0 0 0 E + 0 0  8 . 4 8 5 6 4 E + 0 5  1 . 9 5 1 7 0 E t 0 6  
7 . 0 1 8 9 4 E - 0 2  9 . 1 3 5 0 0 E - 0 1  1 : 4 1 3 7 2 E + 0 4  1 . 2 9 1 4 3 E + 0 4  
7 . 0 1 8 9 4 E - 0 2  9 . 1 3 5 0 0 E - 0 1  1 . 4 1 3 7 2 E + 0 4  1 . 2 9 1 4 3 E + 0 4  
7 . 0 1 8 9 4 E - 0 2  9 . 1 3 5 0 0 B - 0 1  1 . 4 1 3 7 2 E + 0 4  1 . 2 9 1 4 3 E + 0 4  
7 . 0 1 8 9 4 E - 0 2  9 . 1 3 5 0 0 E - 0 1  1 . 4 1 3 7 2 8 + 0 4  1 . 2 9 1 4 3 E + 0 4  

t o t a l  9 . 1 5 1 3 2 6 + 0 5  ? . 0 8 1 7 1 € + 0 6  

1 warning m e s s a g e  so f a r .  
l c r o s s - s e c t i o n  t a b l e s  ' 

t a b l e  

1 0 0 1 . 5 0 ~  
6 0 0 0 . 5 0 ~  
1 0 1 4 . 5 0 ~  
8 0 1 6 . 5 0 ~  

1 1 0 2 3 . 5 0 c  
1 3 0 2 7 . 5 0 ~  
1 4 0 0 0 . 5 0 c  
1 8 0 0 0 . 3 5 c  
7 0 0 0 0 .  soc 
2 6 0 0 0 . 5 5 ~  
9 4 2 3 9 . 5 5 ~  

t o t a l  

l e n g t h  

t ab les  f r o m '  f i l e  c r i t x s  

1 1 5 3  n j o y  
1 6 1 2 6  n joy  
2 2 7 7 2  n j o y  
2 3 6 6 9  n i o y  
3 6 2 7 0  n j o y  
2 2 8 9 1  njoy 
4 8 2 7 5  n j o y  

2 6 1 0 4  njoy 
8 4 1 3 6  n i o y  
6 7 5 5 1  njoy 

2 1 8 2  e n d 1 8 5  

3 5 1 1 2 9  

w a r n i n g .  neutron e n e r g y  c u t o f f  is b e l o w  some c r o s s - s e c t i o n  t ab les  

1 1.0000E+00 
0 1.0000E+00 
0 1.0000E+00 
0 0.0000E+OO 
0 1 . 0 0 0 0 E + 0 0  
1 1.0000E+00 
1 1.0000E+00 
1 1 . 0 0 0 0 E + 0 0  
1 1.0000E+00 

t o t a l  nu 

( 1 3 0 1 )  
( 1 3 0 6 )  
I 12751 

I 1 2 7 6 )  
I 1 3 1 1 )  
I 1 3 1 3 )  
I 1314) 

I 18) 
< 1 3 2 0 )  

2 6 0 )  
I 1 3 9 9 )  

p r i n t  t ab l e  100  

7 9 / 0 7 / 3 1 .  
7 9 / 0 7 / 3 1 .  
7 9 / 0 9 / 0 8 .  

7 9 / 0 6 / 2 1 .  
7 9 / 0 9 / 0 8 .  
7 9 / 0 6 / 2 1 .  

1 1 / 0 1 / 8 5  
7 9 / 0 6 / 2 2 .  

0 5 / 1 4 / 8 1  

1 0 / 2 1 / 8 2  
0 2 / 2 1 / 8 5  

d e c i m a l  words of d y n a m i c a l l y  a l located s t o r a g e  

genera 1 1 1 2 6 1 2  
t a l l i e s  0 
b a n k  6 4 0 3  
cross s e c c i o n s  3 5 1 1 2 9  

t o t a l  4 7 0 1 4 4  

' * r + t . * . * * . . r r t . . * * . ' r t - t * + t . . * * ~ . * . . * * . ~ * . . * ~ . . . * , . . . * * * . * ~ - . ~ . ~ . . * ~ ~ . . ~ * . * , . * ~ , ~ * ~ * * * * ~ . + * . * * , , * . * * * . * ~ . , . ~ ~ * . * . ~ * * . * * * . . . * .  

dump no. 1 o n  file 3 s 6 1 0 r  nps = 0 co l l  = 0 ctm = 0 . 0 0  n rn  = 0 

s o u r c e  d i s t r i b u t i o n  w r i t t e n  t o  f i l e  3 ~ 6 1 0 s  c y c l e  = 0 

2 w a r n i n g  m e s s a g e s  so f a r .  
1 s t a r t i n g  m c r u n .  f i e l d  l e n g t h  = 0 cpo = 0 . 0 1  

Pu-139 i n  c e l l u l o s e  matrix. I n f i n i t e  l a t c i c e  o f  55 ga l .  drums, 4 tiers 

print t ab l e  110 

Y 2 V W c e l l  s u r f  u e n e r g y  w e i g h t  t me nps s 

{ 
\ 



i 

1 1.341E+01 0.000E+00 7.411Et01 
2 1.341E+01 O.OOOE+OO 7.411E+01 
3 1.341E+01 .0.000E+OO 7.411E+01 
4 1.341E-01 0.000E+00 7.411Ec01 
5 1.341E+01 0.000E+00 7.411Ec01 
6 1.341E+01 0.000E+00 7.4llE+01 
7 1.341E+01 0.000E+00 7.411E+01 
8 1.341E+Ol 0.000E+00 7.411E+01 
9 1.341Ec01 0.000E+00 7.411E+01 

10 1.341Et01 0.000E+00 7.4llEtOl 
11 1.341Et01 O.OOOE+OO 7.411E+01 
12 1.341E+Ol 0.000E+00 7.411E+01 
13 1.341E+01 O.OOOE+OO 7.411E+01 
14 1.341Ec01 0.000E+OO 7.411E+01 
15 1.341Ec01 0.000E+00 7.411E+01 
1 6  1.341Ec01 O.OOOE+OO 7.411E+01 
17 1.341E+01 0.000E+00 7.411E+01 
18 1.341E+01 0.000E+00 7.411E+01 
1 3  1 341Et01  0.000E+00 7.411E+01 
2 0  1.341E+01 0.000E-00 7.411E+01 
21 1.341E+01 O.OOOE+OO 7.411E+01 
2 2  1.341&+01 O.OOOE+OO 7.411E+01 
2 3  1.341Et01 0.000Et00 7.411E+01 
24 1.341E101 0.000E+00 7.411E+01 
2 5  1.341E+01 0.000E+00 ?.4llE+01 
26 1.341E+01 0.000E+00 7.411E+01 
27 1.341Ec01 0.000Et00 7.411E.01 
2 8  1.341E101 0.000E+00 7.411E+01 
29 1.341Ec01 0.000E+00 7.411E+01 
30 1.341E+01 0.000E+00 7.411E+01 
31 1.341E+01 0.000E+00 7.411E+01 
32 1.341E+01 0.000E+00 7.411E+01 
33 1.341E+01 0.000E+00 7.411Ec01 
3 4  1.341E+01 0.000E+00 7.411E+01 
35 1.341E+01 0.000Et00 7.411E+Ol 
36 1.341E+01 0.000E+00 7.411E+01 
37 1.341E101 0.000E+00 7.411Et01 
38 1.341Et01 0.000E+00 7.411E+01 
39 1.341E+01 0.000E+00 7.411E.01 
40 1.341E+Ol 0.000E+00 7.411E+OL 
41 1.341E+01 O.OOOE+OO 7.411E+01 
42 1.341E+01 O.OOOEc00 7.411Ec01 
43 1.341E+01 0.000E+00 7.411E+01 
44 1.341E*OL 0.000E+00 7.411E+01 
4 5  1.341E+01 0.000E+00 7.411E-01 
46 1.341€+01 0.000E+00 7.411Et01 
47 1.341E+01 0.000E+00 7.411Et01 
4 8  1.3ClE+Ol 0.000E+00 7.411Ec01 
49 1.341E+01 0.000Et00 7.411E+01 
5 0  1.341E+01 0.000E+00 7.4llEc01 

lercimated keff results by cycle 

source distribution written to file 35610s 

sourcs distribution written to file 3~610s 

source distribution written to f i l e  3~610s 

source distribution written to file 3~610s 

source discribucion written to file 35610s 

6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 
6 

0 5.0858-02 4.733E-01 7.193E-01 2.209E+00 1.000E+00 O.OOOE+OO 
0 8.952E-01 -4.447E-01 -2.9443-02 4.904E+00 1.000E+00 0.000E+00 
0 -6.184E-01 -4.4953-01 6.446E-01 3.809E-01 l.OOOE+OO O.OOOE+OO 
0 9.710E-01 -5.665E-02 -2.3233-01 1.331E+00 1.000E+00 0.000E+00 
0 5.8618-01 1.496E-01 -7.9638-01 1.902E+00 1.000E+00 0.000E+00 
0 -6.489E-02 -1.6268-01 9.845E-01 4.4103-01 1.000E+00 0.000E+00 
0 -7.0663-02 3.263E-02 -9.9706-01 4.7508-01 1.000E+00 O.OOOEtO0 
0 -3.915E-01 4.664E-01 -7.9323-01 4.1363+00 1.000E+00 0.000E+OO 

0 1.946E-01 -3.204E-01 9.2713-01 3.1283+00 1.000E+00 0.000E+00 
0 -6,698E-01 -7.177E-01 -1.905E-01 lS014E+00 1.000Et00 0.000E+00 
0 -8.3988-01 -4.129E-01 3.5298-01 1.395E+00 1.000E+00 O.OOOE+OO 

0 -2.489E-01 -5.118E-01 -8.222E-01 1.101E+00 1.000E+00 0.000E+00 
0 -2.9598-01 2.1198-01 9.3143-01 1.951E+00 1.000E+00 0.000E+00 
0 1.395E-01 -9.8293-01 1.2028-03 2.186E+00 1.000E+00 O.OOOE+OO 
0 6.9098-01 -7.110E-01 1.307E-01 1.865E+00 1.000E+00 0.000Et00 
0 -6.58OE-01 5.320E-01 -5.329E-01 1.229E+00 1.000E+00 0.000E+00 

0 7.462E-01 4.859E-01 -4.551E-01 1.000Et00 l.OOOE+OO O . O O ' O E + O O  
0 -1.977E-01 9.797E-01 3.360E-02 3.990E+00 1.000E+00 0.000E+00 
0 -9.117E-01 -3.647E-01 -1.891E-01 2.665E-01 1.000E+00 O.OOOE+OO 
0 -4.287E-01 8.361E-01 -3.423E-01 1.156E+00 1.000E+00 0.000E+00 
0 1.080E-01 3.412E-01 -9.338E-01 2.669E+00 1.000E+GG U.OOOE+DO 
0 -9.111E-01 -9.012E-03 -4.122E-01 2.185E+00 1.000E+00 0.000E+00 
0 -2.5683-01 -6.391E-01 -7.249E-01 4.225E+00 1.000Ec00 0.000E+00 
0 -2.9128-01 8,0863-01 5.113E-01 1.079E+00 1.000E+00 0.000Et00 
0 1.472E-01 -9.514E-01 2.705E-01 3.461E+00 1.000E+00 0.000E+00 
0 -6.135E-01 -7,645E-01 -1.978E-01 1.836E+00 1.000E+00 0,00OE+00 
0 -5.702E-01 5.651E-01 -5.9633-01 4.556E-01 l.OOOE+OO O.OOOE+OO 
0 -6.607E-01 5.373E-01 -5.242E-01 6.415E-01 1.000E+00 0.000E+00 
0 -9.7428-02 -3.639E-01 -9.263E-01 2.764E+00 1.000E+00 O.OOOE+OO 
0 -1.965E-01 -3.1458-01 -9.287E-01 2.785E-01 1.000E+00 0.000E+00 
0 4.097E-01 8.465E-01 -3.399E-01 9.097E-01 1.0003+00 0.000E+00 
0 -4.048E-02 8.8318-01 4.6753-01 3.3601-01 1.000E+OO 0.000E+00 
0 3.371E-01 -9.269E-01 -1.652E-01 6.376E-01 1.000E+00 0.000E+00 
0 -1.6673-01 9.756E-01 -1.l55E-01 2.186E+00 1.000Et00 O.O00E+DO 
0 -2.616E-01 2.336E-01 -9.365E-01 7.314E-01 1.000E+00 O.OOOE+OO 
0 9.780E-01 -7,641E-02 -1.939E-01 2.9978-01 1.000E+OO 0.000E+00 
0 2.5808-01 -7.0768-01 6.578E-01 1.444E+00 1.000€+00 0.000E+00 
0 -3.212E-01 -7.678E-01 -5.543E-01 1.914Ec00 1.000E+00 0.000€+00 
0 5.039E-01 -1.460E-01 8.513E-01 1.502E+00 1.000E+00 0.000E+00 
0 6.080E-01 5.487E-01 5.738E-01 5.971E+00 1.000E+00 O.OOOE+OO 
0 -2.932E-01 9.304E-01 -2.199E-01 1.827E+OO 1.000E+00 0.000E+00 
0 -8.4758-01 -3.993E-01 -3.497E-01 1.928E+00 1.000E+00 0.000E+00 
0 1.200E-01 -9.195E-01 -3.743E-01 1.351Et00 1.000E+00 0.000E+00 
0 7.0853-01 5.879E-01 3.904E-01 2.288EtOO 1.000E+00 O.O00E+00 
0 4.261E-01 9.046E-01 9.254E-03 1.230E+00 1.000Et00 0.000E+00 
0 5.431E-01 4.270E-01 -7.2303-01 1.433E+00 1.000Et00 0.000E+00 
0 -1.053E-01 -9.805E-01 1.658E-01 6.5721-01 1.000E+00 0.000E+00 

o -2.3683-01 9.2i5~-oi -3.079~-01 7.453~-02 I.OOOE+OO O.OOOE+OO 

0 -1.714E-01 -8.572E-01 4.857E-01 7.748E-01 1.000Et00 0.000E+00 

o -9.903~-01 -i.'38o~-oi i.353~-02 I . ~ O ~ E + O O  I.OOOE+OO O.OOOE+OO 

print table 175 

cycle = 20 

cycle = 24 

cycle = 28 

cycle = 32 

cycle = 36 



source distribution writcer: eo file 3 s 6 i O s  cycle = 40 

cycle = 4 4  source distribution written LO file 3 ~ 6 1 0 s  

sourc? distribution written to file 3~610s cycle = 48 

source disrribution written to file 1 ~ 6 1 0 s  cycle = 52 

...*..*.~...* ~ t t . ~ * t * . ~ * * . * t r t r l . . ~ ~ . . . ~ . . . * . ~ . * , ~ ~ . ~ ~ * ~ ~ * ~ * * ~ * . . ~ . . ~ * . * ~ ~ * . . * ~ ~ * * . " * ~ . . . * ~ ~ ~ . . ~ ~ . . ~ ~ ~ . . ~ * * . . ~ * *  

dump no. 2 on file 3 s 6 1 0 r  nps = 215230 c o l l  = 28632831 ctm = 15.05 nrn = 497095909 

source distribution written to file 3 ~ 6 1 0 s  cycle = 56 

source distribution written to file 35610s cycle = 60 

source discribution written to f i l e  3 ~ 6 1 0 s  cycle = 6 4  

source distribution written to file 3~610s cycle = 68 

source distribution written to file 3~610s cycle = 7 2  

cycle 5 76 source distribution written to file 3 ~ 6 1 0 s  

source distribution written to file 3 ~ 6 1 0 s  cycle = 80 

source distribution written to file 3~610s cycle = 84 

source distribution written to file 3~610s cycle = 88 

source distribution written to file 3 ~ 6 1 0 s  cycle = 92 

source distribution written to file 3~610s cycle = 96 

estimator cycle LO0 ave of 80 cycles combination simple average combined average corr 
k ( co 1 1 i s i on ) 0.786170 0.800184 0.0020 klcol/absl 0.800684 0.0014 ' 0.800758 0.0014 0.0893 
k (absorp t i o n  I 0 799770 0.801183 0,0017 klabs/tk In) 0.800657 0.0014 0.800736 0,0014 0.0435 
k(trk length) 0.7a3800 0.800131 O.OO?O k(tk ln/coll 0.800158 0.0020 0.800165 0.0020 0.9743 
rem life(co1) 2.2752E+04 2.2779E+04 0 . 0 0 2 6  .klcol/abs/tk In) 0.800500 0.0015 0.800735 0.0014 
rem lifelabs) 2.2624E+04 2.2798Ec04 0.0023 life(col/abs) 2.27891+04 0.0024 2.2822E+04 0,0022 0 . 9 7 3 8  
source points generated 3895 

source distribution written to file 3~610s cycle = 100 

source distribution written to file 3~610s cycle = 104 

source distribution written to file 3~610s cycle = 108 

...-... t * . . t . . * r t . t t . ~ ~ . ~ . . . ~ ~ ~ ~ * . * . ~ . + ~ ~ ~ . * ~ . ~ ~ * . . . . ~ ~ ~ * ~ . ~ , ~ ~ ~ ~ . . ~ ~ . . ~ ~ ~ ~ * . . ~ * ~ ~ ~ ~ ~ ~ . ~ ~ , ~ . ~ . ~ . . . . . ~ . . . ~ . ~ ~ * ~ ~ * ~ . * ~ ~ ~ .  

dump no. 3 on file 3s610r nps = 431036 coll = 57335473 ctm = 30.15 nrn  = 995377056 

source distribution written to file 3 ~ 6 1 0 s  cycle = 112 

estimator cycle 116 ave of 96 cycles combination simple average combined average corr 
k!collision) 0.7a6300 0.799338 0.0019 k(col/absl 0.799975 0.0012 0,800080 0.0012 0.0348 
k [absorption) 0.809a48 0.800611 0.0016 kiabs/tk In) 0.799958 0.0012 0,800054 0.0012 -0.0158 
k!trk length) 0.782519 0.799304 0.0018 kltk ln/col) 0.799321 0.0018 0,799315 0,0019 0.9734 
rem lifelcol) ?.2212E+04 2.2773ElOQ 0.0025 klcol/abs/tk In) 0.799751 0.0013 0.800058 0,0012 
rem lifetabst 2.2397E+04 2.2788E+04 0.0022 lifefcol/absl 2.2781E+04 0.0023 2.2809E+04 0,0020 0.9733 
source points generated 3931 

t: 
0 
0 +J 

c * 



i 
source distribution written to file 3~610s 

estimator cycle 117 ave of 97 cycles 
k(collision1 0.804812 0.799394 0.0018 
k(absorption) 0.826476 0.800878 0.0016 
kltrk length) 0.807416 0.799388 0.0018 
rem life(co1) 2.1622E+04 2.27628+04 0.0025 
rem lifelabs1 2.18578+04 2.2778E+04 0.0022 
source points generated 4063 

estimator cycle 118 ave of 98 cycles 
klcollisionl 0.780958 0.799206 0.0018 
k(absorption1 0.794613 0.800814 0.0016 
kltrk length1 0.777785 0.799168 0.0018 
rem lifelcoll 2.2657&+04 2.27618+04 0.0025 
rem life(abs1 2.2861Et04 2.27798+04 0.0022 
source points generated 3795 

estimator cycle 119 ave of 99 cycles 
k(co1lision) 0.778107 0.738993 0.0018 
klabsorptionl 0.800783 0.800814 0.0016 
kltrk length) 0.780474 0.738979 0 . 0 0 1 8  
1-em life(col1 2.2683E104 2.2760E+04 0.0025 
rem life(abs) 2.2fl40E+04 2.2730Et04 0.00?1 
source poincs generated 3972 

estimator cycle 1 2 0  ave of 1 0 0  cycles 
klcollisionl 0.770707 0.798710 0.0019 
k(absorption1 0 .807580  0.800881 0.0016 
k(trk length) 0.775641 0.798745 0.0018 
rem iife(col1 2.242,7E+04 2.27568+04 0.00115 
rem life(abs1 2.2764E+04 2.2780E+04 0.0021 
source points generated 3944 

source distribution written to file 3~610s 
lproblem summary 

cycle = 116 

combination simple average 
klcol/abs) 0.800136 0.0012 
k(abs/tk In) 0.800133 0.0012 
k(tk ln/coll 0.799391 0.0028 
klcol/abs/tk In) 0.799887 0.0013 
life(col/abs) 2.2770B+04 0.0023 

combination simple average 
klcol/absl 0.800010 0.0012 
klabsltk In) 0.799991 0.0012 
k(tk In/col) 0.799187 0.0018 
k(col/abs/tk In) 0.799729 0.0013 
lifelcol/abs) 2.27706+04 0.0023 

combination simple average 
k(collabs1 0.799903 0.0012 
klabs/tk In) 0.799896 0.0012 
k(tk ln/coll 0.798986 0.0018 
klcollabsltk In) 0,799595 0.0013 
life(col/abs) 2.?770E+04 0.0023 

combination simple average 
k (col labs) 0.799796 0.0012 

0.799813 0.0012 k(abs/tk In) 
0.798728 0.0018 kltk ln/col) 

klcol/abs/tk In) 0.799446 0.0013 
life(col/abs) 2.27688+04 0.0023 

cycle = 120 

run terminated when 1 2 0  kcode cycles were done. 

P u - 2 3 9  in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 
0 
neutron creation cracks 

source 478718 

weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
gsp. transform 
upscactering 

1n .xn l  
fission 

total 

0 
0 
0 
0 
0 
0 
0 
0 

4 
0 

478722 

weight energy 
(per source particle) 

1.0027E+00 2.1111E+00 

0. 0 .  
0 .  0 .  
1.1073E-01 3.2513E-08 
0 .  0 .  
0 .  0 .  
0. 0. 
0 .  0 .  
0 .  6.8249E-07 

5.52698-06 1.8832E-06 
0.  0 .  
1.1134E+00 2.1111E+00 

neutron loss 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 

dxtran 
forced coliisions 
exp. transform 
downscattering 
capture 
l o s s  to (n.xn) 
loss to fission 

total 

energy importance 

tracks 

678 
0 
D 
0 
0 

478042 
0 
0 
a 
0 
0 
0 
2 
0 

478722 

combined average 
0.800244 0.0012 
0.800229 0.0012 
0.799390 0 ,0018  
0 . 8 0 0 2 4 2  0.0012 

2.2804Ec04 0 , 0 0 2 0  

combined average 
0.800133 0,0012 
0.800106 0.0012 
0.799183 0 . 0 0 1 8  
0 . 8 0 0 1 1 1  0,0012 

2.2807Et04 0.0020 

combined average 
0.800052 0.001'2 
0.800033 0 . 0 0 1 2  
0.798984 0 . 0 0 1 8  
0 . 8 0 0 0 4 5  0,0012 

2.2809E+04 0.0013 

combined average 
0.799990 0.0012 
0.799983 0 . 0 0 1 2  
0.798737 0.0018 
0.800010 0,0012 

2.2812E+04 0 . 0 0 1 9  

12/19/00 
probid = 12/19/00 

corr 
0.0420 
-0.0035 
0.9733 

0.9743 

corr 
0.0480 
0.0041 
0.9735 

0.9737 

corr 
0.0475 
0.0041 
0.9739 

0.9733 

corr 
0.0363 

-0.0046 
0.9742 

0.9717 

11:46:59 
11: 1 3 : 2 9  

weight energy 
(per source particle) 

7.8873E-04 
0 .  
0 .  
0 .  
0 .  
1.1116E-01 
0 .  
0 .  
0 .  
0 .  
0 .  
7.23476-01 
2.76343-06 
2.7800E-01 
1.1134E+00 

4.62758-04 
0 .  
0 .  
0 .  
0 .  
2.793OE-08 
0. 
0 .  
0 .  
0 .  
2.0894E+00 
1.9870E-02 
1.7574E-05 
1.3158E-03 
2.1111E+00 

1 
0 
0 
CL 

number of neutrons banked 7 average lifetime, shakes cutoffs 



neutron tracks per source particle l.OOOOE+OO escape 3.7798E+04 tco 1.0000E+34 
neutron collisions per source particle 1.3303E.02 capture 2.2756E+04 eco O.OOOOE+OO 
total neutron collisions 63684233 capture or escape 2.2768E+04 WCl -5.0000E-01 
net multiplication 1.0000E+00 0.0001 any termination 2.7526Ec04 wc2 -2.5000E-01 

computer time so far in this run 33.50 minutes maximum number ever in bank 1 
computer time in mcrun 33.48 minuces bank overflows to backup file 0 
source particles per minute 1.4297E104 field length 0 
random numbers generated 1105545149 most  random numbers used was 21364 in history 348480 

range of sampled source weights = 9.0950E-01 to 1.2099E+00 
lneutron activity in each cell 

cell E 

1 1 
2 2 
3 3 
5 5 
6 6  
7 7  
8 8  
9 9  

tracks 
!n c e r ing 

1965051 
1850640 
972076 
1108 

2'6 12 6 5 
252255 
327966 
337769 

population collisions 

235850 602030 
409749 49832375 
230414 2611 

499 29685 
124389 2941131 
119683 2814383 
156386 3680854 
160204 3781164 

collisions 
weight 

(per history1 

7.0233E-01 
5.8754E+01 
3.0176E-03 
2.7490E-02 
4.9002Et00 
4.67651+00 
6.11898+00 
6.2916E+00 

number 
weighted 
energy 

7.6710E-05 
5.0007E-05 
7.9908E-05 
2.1462E-05 
2.5552E-04 
2.5396E-04 
2.5475E-04 
2.5660E-04 

flux 
weighted 
energy 

3.4077E-01 
2.6490E-01 
3.5316E-01 
1.3746E-01 
6.62188-01 
6.58848-01 
6.60628-01 
6.6336E-01 

total 5968130 1437174 63684233 8.1474E+01 
lkeff results for: Pu-239 in cellulose matrix. Infinite lattice of 55 gal. drums, 4 tiers 

print table 1 2 6  

average 
track weight 
(relative) 

6.16993-01 
6.0927E-01 
6.2067E-01 
4.6200E-01 
8.65BQE-01 
8.6424E-01 
8.64371-01 
8.6516E-01 

average 
track mfp 

(cml 

1.8188E+00 
1.5852E+00 
3.48?9E+03 
1.88798+00 
2.5445EiOO 
2.53ROEt00 
2.54118+00 
2.54618+00 

probid = 12/19/00 11:13:29 

the initial fission neutron source distribution used the 4 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 20 cycles and run a total oE 120 cycles with nominally 4000 neutrons per cycle. 
this problem has run 20 inactive cycles with 78769 neutron histories and 100 active cycles with 399949 neutron histories. 

this calculation has completed the requested number of kef€ cycles using a total of 478718 fission neutron source histories 
all cells wich fissionable material were sampled and had fission neutron source points. 

the results of ths w test for normality applied to the individual collision, absorption, and track-length keff cycle values are: 

the ki collision) cycle values appear normally distributed at the 95 percent confidence level 
the k(absorption1 cycle values appear normally distributed a t  the 95 percent confidence level 
the k(trk length) cycle values appear normally distributed at the 95 percent confidence level 

I I 

I I 

I I 

I I 

I the final estimated combined collision/absorption/track-length keff = 0.80001 with an estimated standard deviation of 0.00096 1 
I the estimated 68. 95, & 99 percent keff confidence intervals are 0,79905 to 0.80097, 0.79810 t o  0.80192, and 0.79747 to 0 , 8 0 2 5 5  I 

1 the estimaced collision/absorption neutron removal lifetime = 2.28E-04 seconds with an estimated standard deviation of  4-43E-07 I 

the estimated average keffs. one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

keEf estimator keff standard deviation 6 8 %  confidence 95% confidence 9 9 %  confidence corr 

collision 0.79871 0.00149 0.79722 to 0.80020 0.79575 to 0.80167 0,79478 to 0 , 8 0 2 6 4  

0 1  
0 1  

i 



c c 
absorption 0 . 8 0 0 8 8  0.00125 0 . 7 9 9 6 3  to 0.80213 0 . 7 9 e  9 to 0 . 8 0 3 3 7  0 . 7 9 7 5 8  to 0 , 8 0 4 1 8  

t r a c k  length 0 . 7 9 8 7 5  0 . 0 0 1 4 7  0 . 7 9 7 2 8  to 0 . 8 0 0 2 1  0 . 7 9 5  2 to 0 . 8 0 1 6 7  0 , 7 9 4 8 7  to 0 80262 
col/absorp 0 . 7 9 9 9 9  0 . 0 0 0 9 8  0 . 7 9 9 0 0  to 0 . 8 0 0 9 8  0 . 7 9 8 0 3  to 0 . 8 0 1 9 5  0 . 7 9 7 3 9  to 0 . 8 0 2 5 3  0 . 0 3 6 3  
abs/trk len 0 . 7 9 9 9 8  0 . 0 0 0 9 6  0 . 7 9 9 0 2  t o  0 .80094 0 . 7 9 8 0 7  to 0 . 8 0 1 8 9  0 . 7 9 7 4 5  to 0 . 8 0 2 5 2  - 0 , 0 0 4 6  
colltrk len 0 . 7 9 8 7 4  0 . 0 0 1 4 7  0 . 7 9 7 2 6  t o  0 . 8 0 0 2 1  0 , 7 9 5 8 0  to 0 . 8 0 1 6 7  0 . 7 9 9 8 5  to 0 . 8 0 2 6 3  0 . 9 7 4 2  

col/abs/trk len 0 . 8 0 0 0 1  0 . 0 0 0 9 6  0 . 7 9 9 0 5  to 0.80097 0 , 7 9 8 1 0  to 0 . 8 0 1 9 2  0 .79747 to 0 . 8 0 2 5 5  

if the largest of each keff occurred on the next cycle, the keff results and 6 8 ,  9 5 .  and 99 percent confidence intervals would be: 

kef€ estimator keff standard deviation 68% confidence 95% confidence 99% confidence 

collision 0 , 7 9 9 0 5  0 . 0 0 1 5 1  0 . 7 9 7 5 4  t o  0 . 8 0 0 5 6  0 .79604 to 0 . 8 0 2 0 6  0 , 7 9 5 0 6  to 0 . 8 0 3 0 4  
absorption 0 . 8 0 1 1 3  0 . 0 0 1 2 6  0 .79987 to 0 . 8 0 2 4 0  0 . 7 9 8 6 2  to 0 . 8 0 3 6 5  0 , 7 9 7 8 0  to 0 . 8 0 4 4 7  

col/abs/trk len 0 . 8 0 0 3 1  0 . 0 0 0 9 9  0 . 7 9 9 3 1  t o  0.80130 0 . 7 9 8 3 3  to 0 . 8 0 2 2 8  0 , 7 9 7 6 9  to 0 . 8 0 2 9 3  
track length‘ 0 . 7 9 9 0 7  0 . 0 0 1 4 9  0 . 7 9 7 5 8  to 0.80056 0 .79611 to 0.80204 0 . 7 9 5 1 4  to 0.u03oi 

the estimated collision/absorption neutron lifetimes, one standard deviations, and 68,  95 ,  and 99 percent confidence intervals are: 

type l i  fetirne Isecl standard deviation 68% confidence 95% confidence 99% confidence 

removal 2 . 2 8 1 2 6 - 0 4  4.4313E-07 2 .2768E-04 to 2.2856E-04 2 .2724E-04 to 2.2900E-04 2 .2695E-04 to 2 . 2 9 2 9 E - 0 4  
capture 2.2775E-04 3 . 9 8 6 8 8 - 0 7  2 .2735E-04 to 2,28153-04  2.2696E-04 to 2.2855E-04 2 .2670E-04 to 2.288OE-04 
fission 1 . 3 1 1 5 E - 0 4  3 .1053E-07 1 .3084E-04 to 1.3146E-04 1 .3053E-04 to 1 . 3 1 7 7 8 - 0 9  1 .3033E-04 to 1 . 3 1 9 7 E - 0 4  
escape 4 . 0 6 7 4 E - 0 4  2 .2491E-05 3 .8423E-04 to 4.29268-04  3 .6194E-04 to 4.5155E-04 3 .4732E-04 to 4 . 6 6 1 6 E - 0 4  

laverage individual and combined collision/abporption/track-length keEf results for 7 different batch sizes 

cycles per number of average keff estimators and deviations normality average klc/a/t) k(c/a/t) confidence intervals 
kef€ bacch k batches klcol) st dev klabs) st dev kltrk) st dev co/ab/trk klc/a/t) st dev 95% confidence 99% confidence 

1 100 
2 50 
4 2 5  
5 20  

10 10 
2 0  5 
25 4 

Iindividua? and avei 

0 . 7 9 8 7  0 . 0 0 1 5  
0 . 7 9 8 7  0 . 0 0 1 6  
0 . 7 9 8 7  0 . 0 0 1 8  
0 . 7 9 8 7  0 . 0 0 1 7  
0 . 7 9 8 7  0 . 0 0 2 1  
0 . 7 9 8 7  0 . 0 0 1 9  
0 . 7 9 8 7  0.0014 

e kef€ estimator 

0 . 8 0 0 9  0 . 0 0 1 2  
0 . 8 0 0 9  0 . 0 0 1 2  
0 . 8 0 0 9  0 . 0 0 1 3  
0.8009 0 . 0 0 1 9  
0 . 8 0 0 9  0 . 0 0 1 2  
0 , 8 0 0 9  0 . 0 0 1 6  
0 . 8 0 0 9  0 . 0 0 0 7  
results by cyc 

kef f neutron keff estimators by cycle 
cycle his-ories klcoll) k(abs) kltrackl 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

4000 
3894 
3306 
3700 
4306 
3891 
3922 
4342 
3849 
3910 

I 0 . 9 6 3 1 6  0 , 9 8 2 4 4  
I 0 . 8 1 1 5 3  0 . 8 3 2 3 5  
I 0 . 7 6 1 2 3  0 . 7 6 4 6 8  
1 0 . 8 0 2 7 8  0 . 7 7 8 5 6  
1 0 . 7 7 9 2 9  0 . 8 0 6 5 9  
I 0 . 7 8 4 3 6  0 . 8 0 2 3 8  
I 0 . 8 4 0 3 8  0 . 8 0 1 3 1  
1 0 . 8 2 0 1 7  0 . 8 0 5 2 6  
I 0 . 8 0 7 6 0  0 . 7 9 3 4 8  
1 0 . 7 8 7 3 2  0 . 8 1 1 8 6  

0 . 9 6 4 0 8  
0 . 8 1 7 3 6  
0 . 7 6 0 9 1  
0 , 8 0 4 9 6  
0 . 7 7 7 5 8  
0 . 7 8 0 2 7  
0 . 8 3 6 3 5  
0 . 8 2 0 0 1  
0 . 8 0 9 3 8  
0 . 7 8 8 1 3  

0 . 7 9 8 7  0 . 0 0 1 5  
0 .7987 0 . 0 0 1 5  
0 . 7 9 8 7  0 . 0 0 1 7  
0 . 7 9 8 7  0 . 0 0 1 5  
0 . 7 9 8 7  0 . 0 0 1 9  
0 . 7 9 8 7  0 . 0 0 1 7  
0 . 7 9 8 7  0 . 0 0 1 2  

le 

‘ 9 5 / 9 5 / 9 5 )  0 .80001 0 . 0 0 0 9 6  0 . 7 9 8 1 0 - 0 . 8 0 1 9 2  0 . 7 9 7 4 7 - 0 . 8 0 2 5 5  
9 5 / 9 5 / 9 5 1  0 . 8 0 0 0 4  0 . 0 0 0 9 2  0 . 7 9 8 1 9 - 0 . 8 0 1 8 8  0 . 7 9 7 5 7 - 0 . 8 0 2 5 0  
95/95/951 0 . 8 0 0 0 8  0 . 0 0 1 1 0  0 . 7 9 7 8 1 - 0 . 8 0 2 3 6  0 . 7 9 6 9 9 - 0 . 8 0 3 1 7  
9 5 / 9 5 / 9 5 1  0 . 7 9 9 8 3  0 . 0 0 1 1 2  0 . 7 9 7 4 6 - 0 . 8 0 2 2 0  0 . 7 9 6 5 8 - 0 . 8 0 3 0 9  
9 5 / 9 5 / 9 5 1  0 . 8 0 0 3 0  0 .00132 0 .79717-0 .80344 0 , 7 9 5 6 7 - 0 . 8 0 4 9 4  
9 5 / 9 5 / 9 5 1  0 .79959 0 . 0 0 0 2 0  0 . 7 9 8 7 3 - 0 . 8 0 0 4 5  0 , 7 9 7 6 1 - 0 . 8 0 1 5 7  
9 5 / 9 5 / 9 5 1  0 . 8 0 0 7 9  0 .00192 0 . 7 7 6 3 8 - 0 . 8 2 5 2 1  0 . 6 7 8 5 1 - 0 . 9 2 3 0 8  

average keff estimators and deviations average k (c/a/ t J 
k ( c o l l 1  st dev k(abs) st dev k(track1 s t  dev k(c/a/t) st dev €om 



19 
2 0  

2 1  
22 
23 
24 
2 5  
2 6  
27 
2R 
29 
3 0  

3 1  
32 
33 
34 
35 
36 
37 
3u 
39 
4 0  

- - - - - - - - - 

- - - - - - - - - 

3992 I 0 . 7 7 0 8 7  0 .77454 0 . 7 7 6 1 1  
3 8 9 1  1 0 . 7 8 7 7 5  0 . 7 9 1 8 3  0 . 7 8 6 4 2  
. - - - - - - begin a c t i v e  keff c y c l e s  
4166 I 0 . 8 1 6 5 8  0 , 8 2 0 2 0  0 . 8 1 3 5 7  
4284 0 . 7 9 7 5 3  0 .79615 0 . 7 9 9 0 4  
3832 I 0 . 8 2 0 4 0  0 , 8 0 7 1 0  0 .82104 
4066 I 0 . 7 8 0 9 1  0 . 7 9 6 2 6  0 . 7 8 1 2 7  
3754 1 0 . 7 9 6 7 6  0 . 8 0 3 7 2  0 . 7 9 4 5 7  
3976 1 0 . 8 2 4 3 6  0 .80310 0 . 8 2 6 5 4  
4 1 8 1  I 0 . 8 2 5 2 7  0 .77756 0 . 8 3 1 9 3  
4034 1 0 . 7 9 3 9 4  0 . 8 0 2 0 5  0 .79193 
3886 1 0 . 8 0 6 3 7  0 .80134 0 . 8 0 3 7 1  
3962 1 0 . 7 7 5 5 0  0 . 7 8 7 0 1  0 , 7 7 2 7 1  

3 8 3 1  1 0 . 7 9 9 7 6  0 .79874 0 . 9 0 1 2 5  
4127 I 0 . 8 1 0 5 7  0 . 7 8 8 4 3  0 . 8 1 0 4 0  
3997 I 0 . 7 8 7 2 1  0 . 7 6 7 3 7  0 .79047 
3898 1 0 , 7 9 4 0 9  0 .80848 0 , 7 9 3 2 0  
4055 I 0 . 7 8 9 7 1  0.80473 0 . 7 9 4 1 7  
3928 I 0 . 7 8 0 2 9  0 .78667 0 . 7 7 7 4 1  
3948 I 0 . 7 9 2 9 8  0 . 8 0 7 7 8  0 . 7 9 3 3 3  
4101 I 0 . 8 0 1 0 4  0 . 8 1 1 7 7  0 . 8 0 0 7 8  
4119 1 0 . 7 9 5 9 0  0 .79902 0 . 7 9 5 5 3  
4006 1 0 . 7 9 9 2 4  0 , 7 9 7 0 6  0 , 7 9 5 9 6  

I 
1 0 . 8 0 7 0 6  0 . 0 0 3 5 3  
I 0 . 8 1 1 5 1  0 . 0 0 7 0 7  
I 0 . 8 0 3 8 6  0 .00914 
I 0 .80244 0 . 0 0 7 2 2  
1 0.80609 0 .00694 
I 0.80883 0.00647 
1 0.80697 0.00590 
1 0 . 8 0 6 9 0  0 . 0 0 5 2 1  
1 0.80376 0 ,00562 

I 0 .80340 0.00509 
I 0.80400 0.00469 
I 0 .80270 0 . 0 0 4 5 0  
1 0 .80209 0 . 0 0 4 2 1  
1 0.80126 0 . 0 0 4 0 1  
I 0.79995 0 .00397 
I 0 . 7 9 9 5 4  0 , 0 0 3 7 5  
I 0 .79963 0.00354 
I 0.79943 0.00335 
I 0.79942 0 . 0 0 3 1 8  

0.80818 0 .01202 
0 .80782 0 .00695 
0 .80493 0 . 0 0 5 7 0  
0 .80469 0 .00442 
0 .80442 0.00362 
0 .80058 0 , 0 0 4 9 1  
0 .80077 0 .00426 
0 .80083 0 .00375 
0 .79945 0.00363 

0.79938 0 .00328 
0 . 7 9 8 9 7  0 .00313 
0 . 7 3 6 0 8  0 ,00375 
0 . 7 9 6 9 7  0 . 0 0 3 5 8  
0 .79748 0 .00337 
0 . 7 9 6 8 1  0.00323 
0 .79745 0.00310 
0 . 7 9 8 2 5  0 .00303 
0 .79829 0 . 0 0 2 8 6  
0 , 7 9 8 2 3  0 .00272 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ -  

0.80630 0 .00726 
0 .81121 0 .00646 
0 .80373 0 .00877 
0.80190 0 .00703 
0.80600 0 .00706 
0 .80971 0 .00702 
0 .80748 0 , 0 0 6 4 8  
0.80707 0.00573 
0 .80363 0 .00617 

0 .80341 0 .00558 
0.80400 0.00513 
0.80296 0 . 0 0 4 8 3  
0 . 8 0 2 2 6  0 . 0 0 4 5 3  
0 .80172 0 .00925 
0 . 8 0 0 2 0  0 .00426 
0 .79980 0 .00402 
0 .79985 0 .00379 
0.79962 0 , 0 0 3 5 9  
0.79944 0 . 0 0 3 4 1  

_______-____-___-.  

I 
I 
I 
I 
I 
I 
I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 

I 

0 .80466 0 . 0 0 0 3 3  
0 . 8 0 3 2 5  0 . 0 0 2 7 4  
0 . 8 0 3 2 3  0 .00197 
0 . 8 0 2 6 8  0 . 0 0 2 4 5  
0 . 8 0 1 3 8  0 .00243 
0 . 8 0 0 6 7  0 , 0 0 2 8 5  
0 . 7 9 8 3 1  0 . 0 0 3 6 5  

0 .79893 0 . 0 0 3 1 7  
0 .79870 0 .00323 
0 .79690 0 . 0 0 3 6 8  
0 . 7 9 7 8 6  0 . 0 0 3 2 9  
0 . 7 9 9 1 0  0 . 0 0 3 0 2  
0,.79790 0 . 0 0 3 0 3  
0 . 7 9 8 2 8  0 . 0 0 2 8 3  
0 . 7 9 8 8 6  0 . 0 0 2 7 1  
0 . 7 9 8 8 0  0 . 0 0 2 5 5  
0 .79866 0 . 0 0 2 4 2  

______._______._- 

5127192 
61476 
98950 
54309 
48469 
31242 
16969 

20646 
1 8 1 6 0  
12837 
14916 
16608 
15475 
1 6 7 3 1  
17257 
18412 
19469 

- - - - - - - - - 

4 1  4014 
42 3885 
43 4187 
44 3918 
45 4159 
4 6  3955 
47 3 9 0 8  
48 4123 
49 3906 
50  4094 

5 1  3875 
5 2  4398 
53 3977 
54 3 9 1 1  
55 4067 
56 3894 
57 4136 
58 4003 
59 3942 
60  3982 

_______.__-_--__- 

0 . 7 8 7 9 0  
0 . 8 0 8 9 2  
0 . 7 9 8 2 2  
0 , 8 1 0 0 9  
0 .79397 
0 7 7 4 1 1  
0 . 8 1 6 3 1  
0 . 7 9 2 8 0  
0 . 7 9 9 9 2  
0 . 7 7 3 0 2  

0 . 7 9 8 5 9  
0 .79627 
0 . 8 0 0 6 1  
0 .80834 
0 . 8 1 5 7 0  
0 . 7 8 7 7 0  
0 . 7 9 2 3 1  
0 .77990 
0 . 8 1 1 5 4  
0 .80973 

_ _ _ - _ - _ _ _ - - _ _ _ _ - -  
0 . 8 2 6 4 1  0 . 7 9 3 3 5  
0 . 8 2 2 4 3  0 .79738 
0 . 7 9 2 7 5  0 . 8 0 5 9 8  
0 .80057 0 . 7 7 4 9 6  
0 . 7 8 9 8 2  0 . 7 8 2 0 1  
0 . 8 1 1 0 3  0 .78879 
0 . 8 1 2 1 3  0 . 8 0 3 3 2  
0 . 7 9 6 7 5  0 . 8 0 4 1 9  
0 . 8 0 0 3 6  0 . 8 1 5 3 2  
0 . 7 7 9 9 5  0 .81068 

0 . 7 8 3 8 0  
0 . 8 0 9 1 0  
0 . 7 9 6 1 9  
0.80755 
0 . 7 9 6 2 6  
0 . 7 8 0 2 4  
0 .82096 
0 . 7 9 7 1 0  
0 . 8 0 1 9 8  
0 . 7 7 0 4 3  

0.79887 0,00308 
0.79933 0 .00297 
0 .79928 0 , 0 0 2 8 4  
0 .79973 0 .00275 
0 . 7 9 9 5 0  0.00265 
0 .79852 0.00273 
0 .79918 0 .00271 
0 . 7 9 8 9 6  0.00262 
0 .79899 0.00253 
0.79812 0 ,00259 

0 .79824 0.00259 
0 .79815 0.00247 
0 . 7 9 8 2 6  0 . 0 0 2 3 6  
0 . 7 9 8 6 8  0 ,00230 
0 .79936 0 .00231 
0 , 7 9 8 9 1  0 .00226 
0 . 7 9 8 6 7  0,00219 
0 .79800 0 . 0 0 2 2 1  
0 . 7 9 8 4 7  0 .00219 
0 .79884 0.00215 

0.79869 0 , 0 0 3 3 3  
0 .79917 0 . 0 0 3 2 1  
0.79904 0 .00307 
0.79939 0 .00296 
0.79927 0 . 0 0 2 8 4  
0.79854 0 .00283 
0 .79937 0 . 0 0 2 8 4  
0.79929 0 .00274 
0.79938 0 .00265 
0 .79841 0 .00273 

- _ - _ -  - - _ -  
0 . 8 3 0 3 0  
0 . 8 1 9 6 9  
0 . 7 8 9 6 0  
0 .80483 
0 .79032 
0 .80426 
0.80887 
0 .79240 
0 . 8 0 1 6 5  
0 .78236 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
1 0 . 7 9 9 0 4  0 . 0 0 2 6 7  0 , 7 9 8 6 6  0 . 0 0 2 0 8  
I 0 .79977 0 ,00268 0 . 7 9 8 6 2  0 .00202 
1 0 .79955 0 .00261 0 .79885 0 . 0 0 1 9 7  
1 0 . 7 9 9 5 8  0.00253 0 ,79814 0 .00203 
I 0 . 7 9 9 3 0  0 ,00247 0 , 7 9 7 6 8  0 .00203 
1 0 .79963 0 . 0 0 2 9 3  0 .79744 0,00199 
I 0 . 7 9 9 9 7  0.00238 0 .79759 0.00194 
[ 0 . 7 9 9 8 8  0 ,00232 0.79777 0,00189 
I 0 .79990 0.00226 0 .73822 0 .00190 
1 0 .79940 0 . 0 0 2 2 6  0 . 7 9 8 5 3  0 .00188 

_ _ - _ _ - _ _ - _ _ - _ _ - _ - - _  
.0.79944 0.00284 
0 . 8 0 0 0 8  0 . 0 0 2 8 2  
0 .79976 0 .00275 
0 .79991 0 .00267 
0 .79963 0 . 0 0 2 6 1  
0.79976 0.00254 
0 .80001 0 .00248 

0.79985 0 .00236 
0.79942 0 .00234 

0.79981 0.00242 

0 . 7 9 8 4 0  0 . 0 0 2 3 2  
0 . 7 9 8 5 0  0.00221. 
0 .79852 0 . 0 0 2 1 2  

0 .79936 0 . 0 0 2 0 0  
0 . 7 9 8 8 0  0 .00198 
0 .79897 0 . 0 0 1 9 1  
0 . 7 9 8 6 1  0 .00190 
0 . 7 9 8 9 5  0 .00188 
0 .79883 0 . 0 0 1 8 1  

I 0 . 7 9 9 0 8  0 .00178 
I 0 . 7 9 9 2 1  0 . 0 0 1 7 1  
1 0 .79922 0 . 0 0 1 6 5  
I 0 .79890 0 .00166 
1 0 . 7 9 8 5 1  0 .00166 
1 0 .79830 0 .00163 
I 0 . 7 9 8 4 4  0 .00159 
I 0 . 7 9 8 4 4  0 . 0 0 1 5 5  
[ 0 . 7 9 8 8 1  0 . 0 0 1 5 4  
I 0 .79887 0 .00149 

0 .79883 0 . 0 0 2 0 8  

20182 
21109 
22020 
21913 
22757 
2 2 3 1 1  
23005 
22520 
2 2 3 3 1  
23038 
__-.__ 

2 3 3 0 1  
24194 
25206 
24379 
23524 
2 3 8 0 1  
24169 
24890 
24659 
25548 

6 1  
6 2  
6 3  
64 
65  
6 6  
67 
6R 

3 9 2 1  I 0 . 8 0 7 2 3  
4075 1 ' 0 . 7 8 1 2 2  
3815 I 0 . 8 0 0 5 2  
4076 I 0 . 7 9 0 8 3  
3765 I 0 . 7 9 8 5 1  
3992 I 0 . 8 2 5 1 1  
4161 I 0 . 8 0 8 9 5  
3820 [ 0 . 8 3 2 8 1  
4034 I 0 . 7 7 9 9 9  
3736 I 0 . 7 9 8 6 0  

4150 I 0 . 7 9 9 6 6  
4043 I 0 .82542 
4124 1 0 . 8 1 9 3 2  
3919 I 0 . 8 1 2 7 2  

- -______-_____-.  

0 . 8 1 7 0 5  
0 .79533 
0 . 7 8 7 9 6  
0 .80455 
0 . 8 1 0 6 9  
0 .80844 
0 . 8 2 6 1 6  
0 .81534 
0 .81056 
0 . 8 1 9 3 2  

0.80242 
0 .80983 
0 .79358 
0 . 8 0 7 7 3  

- - _ - -  

0 . 8 1 0 3 5  
0 . 7 8 7 0 5  1 
0 .79604 1 
0 . 7 9 5 6 4  1 
0 . 8 0 0 3 3  1 
0 .82575 [ 
0 . 8 0 5 9 7  I 
0 .83144 1 
0 . 7 8 0 3 9  1 
0 .79297 1 

- _ _ _ _ - - _ _ _ _  
O.8018R I 
0 . 8 2 0 6 6  1 
0 .81757 I 
0 . 8 1 0 4 1  1 

0 .79959 0 . 0 0 2 2 1  
0 .79915 0 ,00220 
0 .79918 0 . 0 0 2 1 5  
0 . 7 9 8 9 9  0 ,00211 
0 . 7 9 8 9 8  0 . 0 0 2 0 6  
0 , 7 9 9 5 5  0 . 0 0 2 1 0  
0 . 7 9 9 7 5  0.00206 
0 .80044 0 .00213 
0 .80002 0.00213 
0 .79999 0 . 0 0 2 0 9  

0 . 7 9 9 9 9  0 .00204 
0 .80048 0 ,00206 
0 .80083 0 .00206 
0 .80105 0,00203 

-____--_____-_____. 

0.79898 0.00189 
0 . 7 9 8 8 9  0 .00184 
0 .79864 0.00182 
0 , 7 9 8 7 7  0 , 0 0 1 7 8  
0 .79904 0 .00176 
0 . 7 9 3 2 4  0 .00173 
0 .79982 0 .00179 
0 .80014 0 .00178 
0 .80035 0 .00176 
0 , 8 0 0 7 3  0 .00176 

0 .80076 0.00173 
0 . 8 0 0 9 4  0 .00170 
0 , 8 0 0 8 0  0 .00168 
0 ,80093 0 .00165 

0.79968 0 . 0 0 2 3 0  
0.79938 0 .00226 
0 .79931 0 . 0 0 2 2 1  
0.79922 0 .00216 
0.79925 0.00212 
0 .79982 0 . 0 0 2 1 5  
0.79995 0 .00211 
0 .80061 0 . 0 0 2 1 6  
0 .80020 0 .00216 
0.80005 0 .00212 

0.80009 0 .00208 
0 .80048 0 . 0 0 2 0 8  
0 , 8 0 0 8 1  0 .00206 
0 .80098 0 . 0 0 2 0 3  

- - _ - - - - ^ _ - - _ _ - _ _ _ _  

I 0 .79927 0 . 0 0 1 5 1  
1 0 .79913 0 . 0 0 1 4 8  
1 0 .79892 0 . 0 0 1 4 6  
I 0 . 7 9 8 9 7  0 . 0 0 1 4 3  
[ 0 .79913 0 . 0 0 1 4 1  
1 0 . 7 9 9 4 8  0 . 0 0 1 4 2  
I 0 .79990 0 . 0 0 1 4 5  
\ 0 . 8 0 0 3 6  0 . 0 0 1 4 9  
I 0 . 8 0 0 3 4  0 . 0 0 1 4 6  
1 0 .80049 0 . 0 0 1 4 3  

I 0 . 8 0 0 5 4  0 .00140 
I 0 . 8 0 0 7 7  0 , 0 0 1 3 9  
I 0 .80079 0 . 0 0 1 3 7  
I 0 . 8 0 0 9 2  0 , 0 0 1 3 5  

24392 
24677 
24874 
25382 
25588 
24517 
23149 
21589 
22045 
22344 

22757 
22687 
23153 
2 3 4 0 1  

_ - _ _ -  I 
0 
0 
P 



75 
76 
77 
78 
79 
80 

81 
82 
83 
84 
85 
86 
87 
88 
R9 
30 

91 
92 
93 
94 
95 
96 
97 
98 
99 
100 

- - - - - - - 

- - - - - - - - . 

0.80120 0.00164 0.60109 0.00200 
0.80135 0.00162 0.80106 0.00196 
0.80133 0,00159 0.80140 0.00196 
0.80146 0.00157 0.80113 0.00194 
0.80139 0.00155 0.80075 0.00194 
0.80131 0.00152 0.80096 0.00192 

I 0.80109 0.00133 23386 
[ 0.80114 0.00131 237617 
1 0.80128 0.00130 23975 
1 0.80129 0,00127 24443 
I 0.80111 0.00126 24319 
I 0.80112 0,00124 24766 

3987 I 0.80974 0.81604 0,80657 I 0,80121 0.00200 
3990 1 0.80301 0.80955 0.73962 1 0,80124 0.00196 
3987 1 0.81782 0.80002 0,82037 I 0,80153 0.00195 
4080 I 0.78392 0.60905 0.78567 1 0,80123 0.00194 
3811 1 0.77934 0,79720 0.77880 1 0.80086 0,00194 
3960 I 0.81386 0.79641 0,81326 1 0.60108 0.00132 

4231 
3867 
3897 
4009 
3843 
4219 
3997 
4101 
4026 
3930 

_ _ _ _ _ _ -  

0.79354 0.81010 
0.77875 0.81023 
0.80081 0.81822 
0.77825 0.79344 
0.81724 0.80928 
0.80382 0.78367 
0.80834 0.81391 
0.81015 0,75903 
0.79241 0.76245 
0.78347 0.81320 

_ - _ _ - - _ - - - - - - _ _ _ _ _ _  

0.79318 
0.77910 
0.80172 
0.77965 
0,82245 
0.79889 
0.80429 
0.80888 
0.78813 
0.77774 
- - - - - - - - - 

0.80095 0.00189 0.60145 0.00150 
0,80059 0.00190 0.80159 0.00149 
0.80060 0.00167 0.80186 0.00149 
0.80025 0,00187 0.80173 0.00147 
0.80051 0.00186 0.80184 0.00145 
0.80056 0.00183 0.80157 0.00145 
0.80068 0.00181 0.80175 0.00144 
0.80082 0,00179 0.80112 0.00156 
0.80069 0,00176 0.80085 0,00156 
0.80045 0,00176 0.80103 0.00154 
______-_____________------------.-- 

0.80083 0.00190 1 
0.80048 0.00190 I 
0.80050 0.00187 1 
0.80017 0.00187 I 
0.80052 0.00187 1 
0.80049 0.00184 I 
0.80055 0.00181 1 
0.80067 0.00179 I 
0.80049 0.00177 I 
0.80016 0.00178 1 

- _ _ _ _ _ _ _ _ _ _ ^ _ _ _ _ - _ _ _ _  

0,80117 0,00122 
0.80114 0.00120 
0.80132 0.00120 
0.80114 0,00120 
0.80139 0.00120 
0.80116 0.00120 
0.80127 0.00113 
0.80090 0,00122 
0.80067 0.00123 
0.80064 0 . 0 0 1 7 1  
-__--__-___----._ 

25131 
25511 
25285 
24991 
24458 
24067 
24167 
22615 
21974 
22188 - - - - - - - .-- 

3918 I 0.80303 
4089 1 0.79987 
3955 1 0.78302 
4035 I 0.79948 
4131 1 0.78997 
3960 I 0.79864 
3969 1 0.82276 
4019 I 0.79429 
3839 1 0.80621 
4086 I 0.78617 

0.79628 0.80292 
0.82386 0.79873 
0.79767 0.76930 
0.80383 0.80006 
0.78963 0.79319 
0.80282 0.79758 
0.80096 0.62217 
0.80589 0.80067 
0.80199 0.81055 
0.79977 0.78380 

I 0.80048 0,00173 
[ 0.80048 0.00171 
1 0.80024 0.00170 
[ 0.80023 0,00168 
I 0.80009 0,00166 
I 0.80007 0,00164 
1 0.80036 0.00164 
( 0.80029 0.00163 
1 0.80036 0.00161 
1 0.60018 0.00160 

0.79995 0.00159 
0.79992 0.00157 
0.80016 0.00157 
0.79992 0.00157 
0.80028 0.00159 
0.80050 0,00159 
0.80050 0.00157 
0.80049 0.00155 
0.80044 0.00154 
0.80038 0.00152 

. . . . . . . . . . . . . . . . . . . .  

0.80096 0.00152 
0.80128 0,00154 
0.80123 0,00152 
0.80126 0.00150 
0.80111 0,00148 
0.80113 0.00146 
0.80113 0,00144 
0.80119 0.00143 
0.80120 0.00141 
0.80118 0,00139 

_ - _ _ _ - _ _ _ - _ _ - - _ - - -  

22516 
22327 
22611 
22927 
23005 
23312 
23393 
23685 
23934 
23998 

_ _ _ _ _ -  

1 0.80061 0.00120 
1 0.80078 0.00119 
I 0.80068 0.00118 
1 0.80071 0.00116 
I 0.80058 0.00115 
I 0,80058 0.00114 
1 0.80070 0.00113 
I 0.80076 0.00111 
I 0.80083 0.00110 
I 0.80073 0.00109 

0.80020 0.00175 
0.80018 0.00173 
0.80003 0.00171 
0.80003 0.00169 
0.79994 0.00167 
0.79991 0.00165 
0.80020 0.00165 
0.80021 0.00163 
0.80034 0.00161 
0.80013 0.00161 

0.78799 
0.80013 
0.81369 
0.77954 
0.82751 
0.82130 
0.79591 
0.79756 
0.79252 
0.79879 

101 
102 
103 
104 

' 105 
106 
107 
108 
109 
110 

3895 
3957 
4188 
4172 
3843 
4235 
3996 
3949 
4050 
3921 

0.78138 
0.79724 
0.81974 
0.78052 
0.83055 
0.81870 
0.80101 
0.79912 
0.79574 
0.79568 

0.78797 
0.79213 
0.80086 
0.81462 
0.77688 
0.78454 
0.82032 
0.80010 
0.79931 
0.79450 

0.80102 0.00138 0.73998 0.00159 
0.80091 0.00137 0.79996 0.00157 
0.80091 0.00135 0.80015 0.00156 
0.80107 0,00135 0,79990 0.00156 

0.80060 0.00136 0.80047 0.00158 
0.80083 0.00136 0.80042 0.00156 
0.80082 0,00135 0.60039 0.00155 
0.80080 0,00133 0.80030 0.00153 
0.80073 0.00132 0.80028 0.00151 

0.80079 0.00136 0.80023 0.00158 

] 0.80059 0.00109 
1 0.80054 0.00108 
1 0.80059 0.00106 
I 0.80058 0.00105 
I 0.80054 0.00104 
1 0.80054 0.00103 
j 0.60063 0.00102 
1 0.80061 0.00101 
I 0.80055 0.00100 
1 0.80051 0.00099 

23857 
24095 
24381 
24623 
24965 
25275 
25350 
25635 
25817 
26104 

26297 
26225 
25113 
25346 
25591 
25806 
24952 
24647 
24716 
24830 

- - _ _ - -  

_.__-- 

. - - - - - - - - 
0.80750 
0.78817 
0.78068 
0.79790 
0.80868 
0.80985 
0.82648 
0.79461 
0.80078 
0.80758 - - - - - - - - 

_ - - _ - _ _ _ - _ _ _  
0.78308 I 
0.79043 1 
0.77608 I 
0.79136 I 
0.78434 1 
0.78252 1 
0.80742 1 
0.77778 1 
0.78047 1 
0.77564 1 - - - - -___--_-  

__-_- - -_ - -__- - - -_  
0.80024 0,00151 
0.80010 0.00150 
0.79981 0.00151 
0.79970 0.00150 
0.79948 0,00150 
0.79934 0,00149 
0.79939 0,00148 
0.79921 0.00147 
0.79899 0.00147 
0.79871 0,00149 _ - _ _ _ _ - _ _ _ _ _ _ _ _ _ _  

, - - - - - - - - - - - - - - - -. 
0.80081 0.00131 
0.80067 0,00130 
0.80045 0.00130 
0.80043 0.00129 
0.80051 0,00128 
0.80061 0.00127 
0.80088 0,00128 
0.80081 0.00127 
0.80081 0,00126 
0.80088 0.00125 

111 4012 1 0.78693 
112 3932 1 0.78765 
113 4134 1 0.77360 
114 3897 1 0.78875 
115 4007 I 0.77872 
116 3968 1 0.78630 
117 3931 1 0.80481 
118 4063 1 0.78096 
119 3795 1 0.77811 
120 3972 1 0.77071 

___-__-___-__.___-___________ 

0.80009 0.00151 I 
0.79999 0.00150 1 
0.79973 0.00150 I 
0.79964 0.00149 1 
0.79948 0.00148 1 
0.79930 0.00148 I 
0.79939 0.00146 I 
0.79917 0.00147 1 
0.79898 0.00146 1 
0.79875 0.00147 I 

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _  

0,80047 0.00098 
0.80035 0.00097 
0.80012 0.00099 
0,80008 0.00098 
0,80009 0.00097 
0,80006 0.00096 
0.80024 0.00097 
0.80011 0.00097 
0.80004 0.00097 
0.80001 0.00096 

_ _ _ _ - _ - - _ _ - - _ _ _ _ _  _ - -  

? J a g  m c  $ 2  
the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0.93281 on cycle 68 collision 0.77071. on cycle 120 
absorption 0.62648 on cycle 117 absorption 0.75903 on cycle A R  

crack length 0.83193 on cycle 27 track length 0.77043 on cycle 50 
l p ? o t  of  the estimated col/abs/track-length keff one standard deviation interval versus cycle number ( 1  = final keff = 0.80001) 

cycle active 0.79 0.80 0.91 
number cycles I--------------------------.--------------------.l-----------------------------------------.-------[ 

1 
0 2  

0 cn 
m 
1 
0 s 



2 6  
2 7  

2 8  8 1  
2 9  9 1  
3 0  10 .( 
31 11 I 
32 1 2  I 
33 13 I 
3 4  14 I 

3 6  16 I 
37 17 I 
3 R  18 I 
3 9  19  I 
4 0  2 0  I 
41 21 1 
42 22 1 
43 23 I 
44 24 I 

46 2 6  I 
4 7  27 I 
48 2 8  1 
49 2 9  I 
50 30  I 
51 3 1  I 
52 32 I 
53 33 I 
54 34 I 
5 5  35 + 
5 6  3 6  I 
5 7  37 I 
56 3 8  1 
5 9  3 9  I 
60  40 I 
61 41 I 
6 1  42  I 
6 3  43 I 
6 4  44 I 
6 6  4 6  I 
6 7  47  I 
6 3  48 I 
6 9  4 9  I 
7 0  50  I 
7 1  51 I 
7 2  52 I 
7 3  5 3  I 
7 4  54  I 

7 6  56 I 
7 7  57 I 
7 8  58 I 
7 9  59 I 
E O  6 0  I 
61 61 I 
8 2  62 I 
E 3  6 3  I 
84 6 4  I 
R6 66 I 
8 7  67  I 

3 5  15 + 

4 5  75  + 

6 5  45 + 

75 55 + 

85 65 + 

+ 

I 

+ 

+ 
I 
I 

0 
0 



8 8  
89  
90 
9 1  
9 2  
9 3  
94 
9 5  
9 6  
97 
96 
99 

1 0 0  
1 0 1  
102 
1 0 3  
104  
105  
1 0 6  
107 
108  
1 0 9  
1 1 0  
111 
1 1 2  
1 1 3  
1 1 4  
1 1 5  
11 6 
1 1 7  
1 1 8  
1 1 9  
1 2 0  

_ _ _ - _ _ _  

I 
I 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 
I 
I 
I 

+ 

0 . 8 1  
_ - -  

lindividual and collision/absorption/track-length keffs €or different numbers of inactive cycles skipped f o r  fission source settling 

skip active active average keff estimators and deviations 
cycles cyclas neutrons k(col1 st dev k(abs1 st dev kltrk) st dev 

_ _  

. .  

0 1 2 0  
1 1 1 9  
Z 1 1 8  
3 117  
4 1 1 6  
5 1 1 5  
6 1 1 4  
7 1 1 3  
8 1 1 2  
9 I l l  

10  1 1 0  

11 1 0 9  
1 2  108 
1 3  1 0 7  
1 4  106  
1 5  1 0 5  
1 6  1 0 4  
1 7  1 0 3  
1 8  1 0 2  
1 9  101 
2 0  l o o *  

_________.______ 

4787181 0 . 7 9 9 5  0 . 0 0 2 0  
4 7 4 7 1 8 )  0 . 7 9 8 1  0 , 0 0 1 4  
4708241 0 . 7 9 8 0  0 . 0 0 1 4  
4675181 0 . 7 9 8 3  0 . 0 0 1 4  
4636?.8( 0 . 7 9 8 2  0 . 0 0 1 4  
4595121 0 . 7 9 8 4  0 . 0 0 1 4  
4556211 0 . 7 9 8 5  0 . 0 0 1 4  
4 5 1 6 9 9 )  0 . 7 9 8 2  0 . 0 0 1 4  
4473571 0 . 7 9 8 0  0 . 0 0 1 4  
443508 1 0 . 7 9 7 9  0 . 0 5 1 4  
4395981 0 . 7 9 8 0  0 . 0 0 1 4  

4357271 0 . 7 9 8 0  0 . 0 0 1 4  
4316451 0 . 7 9 7 9  0 . 0 0 1 4  
4276571 0 . 7 9 8 0  0 .0015  
4 2 3 8 0 3 )  0 . 7 9 7 9  0 . 0 0 1 5  
4197191 0.79AO 0 . 0 0 1 5  
4159441 0 . 7 9 8 1  0 . 0 0 1 5  
4118441 0 . 7 9 8 2  0 . 0 0 1 5  
1 0 7 8 3 2 )  0 . 7 9 8 3  0 . 0 0 1 5  
4 0 3 8 4 0 )  0 . 7 9 8 6  0 . 0 0 1 5  
3999491 0 . 7 9 8 7  0 .0015  

_ _ _ _ - _ _ _ _ _ _ _ _ - - - _ _ _ _ _ _ _  

0 . 8 0 1 8  0 .0019 
0 . 8 0 0 3  0 .0012 
0 . 8 0 0 0  0 . 0 0 1 2  
0 . 8 0 0 3  0 .0012 
0 . 8 0 0 5  0 .0012 
0 . 8 0 0 5  0 . 0 0 1 2  
0 . 8 0 0 5  0 .0012 
0 . 8 0 0 4  0 . 0 0 1 2  
0 . 8 0 0 4  0 . 0 0 1 2  
0 . 8 0 0 5  0 . 0 0 1 2  
0 . 8 0 0 4  0 . 0 0 1 2  

0 . 8 0 0 3  0 . 0 0 1 2  
0 . 8 0 0 3  0 . 0 0 1 2  
0.8005 0.0012 
0 . 8 0 0 5  0 . 0 0 1 2  
0 . 8 0 0 4  0 , 0 0 1 2  
0 . 8 0 0 6  0 . 0 0 1 2  
0 . 8 0 0 6  0.0012 
0 . 8 0 0 5  0.0013 
0 . 8 0 0 8  0 . 0 0 1 2  
0 . 8 0 0 9  0 . 0 0 1 2  

______._---__-- 

0 . 7 9 9 6  0 . 0 0 2 0  
0 . 7 9 8 3  0 . 0 0 1 4  
0 . 7 9 8 1  0 . 0 0 1 4  
0 . 7 9 8 4  0 .0014 
0 .7984 0 .0014 
0 . 7 9 8 5  0,0014 
0 . 7 9 8 7  0 . 0 0 1 4  
0 . 7 9 8 4  0 , 0 0 1 4  
0 . 7 9 8 2  0.0014 
0 . 7 9 8 1  0.0014 
0 . 7 9 8 2  0 . 0 0 1 8  

0 . 7 9 8 2  0 . 0 0 1 4  
0 . 7 9 8 0  0 . 0 0 1 4  
0 . 7 9 8 2  0 . 0 0 1 4  
0 . 7 9 8 0  0 , 0 0 1 4  
0 . 7 9 8 1  0 .0014 
0 . 7 9 8 2  0 . 0 0 1 4  
0 . 7 9 8 2  0 .0015 
0 . 7 9 8 4  0 . 0 0 1 5  
0 . 7 9 8 6  0 . 0 0 1 5  
0 . 7 9 8 7  5 . 0 0 1 5  

normality average k ( c / a / t )  k(c/a/t) confidence intervals 
co/ab/tl k(c/a/t) st dev 95% confidence 9 9 %  confidence 

no/no/nol 0 . 8 0 0 8 0  0 . 0 0 1 7 8  
9 5 / 9 5 / 9 5 1  0 . 7 9 9 5 2  0 . 0 0 0 9 8  
9 5 / 9 5 / 9 5 (  0 . 7 9 9 3 2  0 . 0 0 0 9 6  
9 5 / 9 5 / 9 5 ]  0 . 7 9 9 6 3  0 . 0 0 0 9 1  
9 5 / 9 5 / 9 5 )  0 . 7 9 9 7 2  0 . 0 0 0 9 2  
9 5 / 9 5 / 9 5 1  0 . 7 9 9 7 6  0 .00092 
9 5 / 9 5 / 9 5 (  0 . 7 9 9 8 3  0 . 0 0 0 9 3  

9 5 / 9 5 / 9 5 ]  0 . 7 9 9 5 5  0 . 0 0 0 9 3  
9 5 / 9 5 / 9 5 1  0 . 7 9 9 5 4  0 . 0 0 0 9 4  
9 5 / 9 5 / 9 5 (  0 . 7 9 9 5 2  0 . 0 0 0 9 5  

9 5 / 9 5 / 9 5 [  0 . 7 9 9 4 5  0 . 0 0 0 9 6  
9 5 / 9 5 / 9 5 (  0 . 7 9 9 4 1  0 .00096 
9 5 / 9 5 / 9 5 ]  0 .79960 0 . 0 0 0 9 5  
9 5 / 9 5 / 9 5 (  0 . 7 9 9 4 8  0 . 0 0 0 9 6  
9 5 / 9 5 / 9 5 )  0 . 7 9 9 4 8  0 . 0 0 0 9 6  
95/95/951 0 . 7 9 9 6 7  0 . 0 0 0 9 6  
35/95/951 0 . 7 9 9 6 7  0 . 0 0 0 9 7  
9 5 / 9 5 / 9 5 ]  0 . 7 9 3 6 9  0 . 0 0 0 9 7  
3 5 / 9 5 / 9 5 (  0 . 7 9 9 9 0  0 . 0 0 0 9 6  
9 5 / 9 5 / 9 5 !  0 . 8 0 0 0 1  0 . 0 0 0 9 6  

9 5 / 9 5 / 9 5 (  0 . 7 9 9 6 6  0.00093 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ - - _ - - - - - -  

0 . 7 9 7 2 7 - 0 . 8 0 4 3 4  
0 . 7 9 7 5 6 - 0 . 8 0 1 4 7  
0 . 7 9 7 4 1 - 0 . 8 0 1 2 3  
0 . 7 9 7 8 1 - 0 . 8 0 1 4 4  
0 . 7 9 7 9 0 - 0 . 8 0 1 5 5  
0 . 7 9 7 9 2 - 0 . 8 0 1 6 0  
0 . 7 9 7 9 8 - 0 . 8 0 1 6 8  
0 . 7 9 7 8 1 - 0 . 8 0 1 5 2  
0 . 7 9 7 6 9 - 0 . 8 0 1 4 1  
0 . 7 9 7 6 6 - 0 . 8 0 1 4 2  
0 . 7 9 7 6 2 - 0 . 8 0 1 4 1  

0 . 7 9 7 5 5 - 0 . 8 0 1 3 6  
0 . 7 9 7 4 8 - 0 . 8 0 1 3 3  

0 . 7 9 7 5 7 - 0 . 8 0 1 3 8  
0 . 7 9 7 5 6 - 0 . 8 0 1 4 0  
0 . 7 9 7 7 6 - 0 . 8 0 1 5 8  
0 . 7 9 7 7 4 - 0 . 8 0 1 5 9  
0 . 7 9 7 7 4 - 0 . 8 0 1 6 3  
0 . 7 9 8 0 0 - 5 . 8 0 1 8 1  
0 . 7 9 8 1 0 - 0 . 8 0 1 9 2  

_ _ _ - - _ _ - _ _ - _ - - _ - -  

0 . 7 9 7 7 0 - 0 . 8 0 1 5 0  

0 . 7 9 6 1 1 - 0 . 8 0 5 5 0  
0 . 7 9 6 9 2 - 0 . 8 0 2 1 1  
0 . 7 9 6 7 9 - 0 . 8 0 1 8 5  
0 . 7 9 7 2 2 - 0 . 8 0 2 0 4  
0 . 7 9 7 3 0 - 0 . 8 0 2 1 5  
0 . 7 9 7 3 2 - 0 . 8 0 2 2 0  
0 . 7 9 7 3 7 - 0 . 8 0 2 2 8  
0 . 7 9 7 2 1 - 0 . 8 0 2 1 2  
0 . 7 9 7 0 8 - 0 . 8 0 2 0 2  
0 . 7 9 7 0 4 - 0 . 8 0 2 0 3  
0 . 7 9 7 0 0 - 0 . 8 0 2 0 ?  

0 . 7 9 6 9 3 - 0 . 8 0 1 9 8  
0 . 7 9 6 8 6 - 0 . 8 0 1 9 5  
0 . 7 9 7 0 8 - 0 . 8 0 2 1 2  
0 . 7 9 6 9 5 - 0 . 8 0 2 0 0  
0 . 7 9 6 9 3 - 0 . 8 0 2 0 3  
0 . 7 9 7 1 4 - 0 . 8 0 2 2 0  
0 . 7 9 7 1 2 - 0 . R 0 2 2 2  
0 . 7 9 7 1 1 - 0 . 8 0 2 2 6  
0 . 7 9 7 3 8 - 0 . 8 0 2 4 3  
0 . 7 9 7 4 7 - 0 . 8 0 2 5 5  

- - - - - _ - - _ _ _ _ _ - _ -  
I 

0 2  
0 cn 
T 
0 
0 
P 



2 2  
24 
26 
28 
30 
32 
34 
36 
38 
40 

41 
44 
46 
48 
50 
52 
54 
5 6  
58 
60 

_ - _ _  

38 
96 
94 
92 
90 
88 
86 
84 
82 
80 

78 
76 
74 
72 
70 
68 
66 
64 
62 
60 

_ _ _ _ _ - _ _ _ _ - _ _  

59i495 
383601 
375871 
367656 
359808 
351850 
343955 
335972 
327923 
319798 
. - - - - - - 
311899 
303794 
295680 
287649 
279649 
271376 
263488 
255527 
247388 
239464 

0.7985 0.0015 
0.7985 0.0015 
0.7982 0.0015 
0.7980 0.0015 
0.7981 0.0015 
0.7980 0.0016 
0.7982 0.0016 
0.7985 0.0016 
0.7985 0.0016 
0.7985 0.0017 

0.7985 0.0017 
0.7984 0,0018 
0.7988 0 . 0 0 1 8  
0.7986 0.0018 
0.7990 0.0018 
0,7982 0.0018 
0.7983 0.0018 
0.7982 0,0019 
0.79RO 0,0019 
0.7983 0.0020 

_ - - _ _ - _ - - - - _ - -  

0.8007 0.0013 
0.8007 0.0013 
0.8007 0.0013 
0.8009 0 . 0 0 1 3  
0 . 8 0 1 0  0.0013 
0.8012 0.0014 
0.8015 0.0013 
0.8017 0.0013 
0.8015 0.0014 
0.8015 0.0014 

0.8017 0.0014 
0.8016 0.0015 
0.8016 0.0015 
O.RO20 0.0015 
0.8018 0.0015 
0.8019 0.0016 
0.8023 0.0016 
0.8028 0.0016 
0.8028 0.0016 
0.8024 0.0016 

_ _ _ _ - _ _ _ _ _ _ _ - _ - -  

0.7986 0.0015 195/95/951 0.73986 0,00096 
0.7985 0.0015 195/95/951 0.79981 0.00097 
0.7983 0.0015 [95/95/95) 0.79965 0.00098 
0.7980 0.0015 (95/95/951 0.79962 0,00100 
0.7982 0.0015 195/95/951 0.79980 0.00100 
0.7980 0.0015 195/95/95) 0.79982 0.00103 
0.7982 0.0015 195/95/951 0.80011 0.00102 
0.7985 0.0016 195/95/951 0.80030 0.00102 
0.7985 0.0016 195/95/951 0.80021 0.00104 
0.7986 0,0016 195/95/95( 0.80030 0.00106 

0.7986 0.0017 195/95/951 0.80039 0.00108 
0.7985 0.0017 195/95/95[ 0.80033 0.00111 
0.7988 0.0017 195/95/951 0,80041 0.00111 
0.7985 0.0017 )95/95/95( 0.80051 0.00113 
0.7989 0.0018 195/95/95( 0.80049 0.00115 
0,7981 0.0017 [95/95/951 0,80017 0.00118 
0.7981 0.0018 (95/95/95\ 0.80043 0.00121 
0.7982 0.0018 195/95/95( 0.80082 0.00123 
0.7981 0.0019 195/95/951 0.80080 0.00126 
0.7983 0.0019 ]95/95/951 0.80069 0.00129 

0.79794-0.8017R 
0.79788-0.80174 
0.79770-0.80160 
0.79762-0.80162 
0.79781-0.80180 
0.79778-0.80186 
0.79eo8-0.802i4 
0.79827-0.80232 
0.79814-0.80227 
0.79819-0.80241 

0.79824-0.80255 
0.79813-0.80254 
0.79819-0.80263 
0.79825-0.80277 
0.79819-0.80279 
0,79781-0.80253 
0.79801-0.80285 
0.79837-0.80328 
0.79827-0.80333 
0.79811-0.80327 

0.79732-0.80241 
0.79725-0.80237 
0.79706-0.80223 
0.79697-0.80227 
0.79716-0.80245 
0.79711-0.80253 
0.79741-0.80280 
0.79761-0.80299 
0.79747-0.80294 
0.73750-0,80310 

0.79754-0.80325 
0.79741-0.80326 
0.79747-0.80336 
0.79751-0.80351 
0.73744-0.80354 
0.79703-0.80330 
0.79721-0.80364 
0.79757-0.80408 
0.79744-0.80417 
0.79725-0.80412 

62 
64 
66 
68 
70 
72 
74 
76 
78 
80 

82 
8 4  
86 
88 
90 
92 
94 
96 
38 
100 

102 
104 
106 
108 
110 
112 
114 
116 
117 
118 

- - - - . - 

_ _ _ _ _ _ _  

58  
5 6  
54 
52  
50 
48 
46 
4 4  
42 
40 

38 
36 
3 4  
3 2  
30 
28 
26 
24 
22 
'0 

18 
16 
14 
12  
10 
8 
6 
4 
3 
2 

- . - - - - - 

. - - - - - -. 

2314681 0.7984 0.0020 0.8023 0.0017 
2235771 0.7985 0 . 0 0 2 1  0.8025 0.0017 
2158201 0,7980 0,0021 0.8023 0.0018 
207839) 0.7971 0.0021 0 . 8 0 1 6  0.0018 
2000691 0.7974 0.0021 0.8010 0.0018 
1918761 0.7968 0.0021 0.8008 0.0019 
1838331 0.7960 0.0021 0.8008 0.0019 
1758561 0.7955 0.0022 0.8003 0.0020 
167789) 0.7952 0.0022 0.8001 0.0021 
1600181 0.7952 0.0023 0 . 8 0 0 2  0.0022 

151920) 0.7956 0.0023 0.7937 0.0022 
1440141 0.7960 0.0024 0,7994 0.0023 
1359521 0.7951 0.0025 0.7996 0.0024 
1278541 0.7942 0.0025 0.8004 0.0021 
1198981 0.7947 0.0027 0.8005 0.0021 
1118911 0.7942 0.0029 0.7999 0.0021 
1039011 0.7944 0.0030 0.7398 0.0023 
958201 0.7944 0.0033 0.8001 0.0024 
878321 0.7931 0.0033 0.7998 0.0026 
799171 0.7928 0 , 0 0 3 6  0.7997 0.0029 

720651 0.7932 0,0039 0.8007 0.0031 
637051 0.7923 0.0040 0.7939 0.0034 
556271 0.7877 0,0028 0.8026 0.0032 
47682) 0.7857 0,0029 0.8013 0.0034 
397111 0.7837 0.0031 0.8022 0.0041 
317671 0.7827 0.0038 0.8033 0.0047 
237361 0.7833 0.0048 0.8080 0.0044 
157611 0.7836 0.0074 0.8074 0.0069 
118301 0.7766 0.0031 0 8010 0.0037 
77671 0.7744 0.0037 0.8092 0.0034 

_ _ _ _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _  ._---- 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.7983 0.0013 195/95/35) 0.80055 0.00130 
0.7984 0.0020 195/95/951 0.80073 0.00133 
0,7978 0.0020 195/95/951 0.80026 0,00135 
0,7970 0.0020 195/95/951 0.73951 0.00123 
0,7974 0.0020 )95/95/991 0.79945 0.00132 
0.7969 0.0021 )95/95/99) 0.79904 0.00134 
0.7961 0.0021 )95/95/991 0.79866 0.00139 
0.7958 0.0022 195/95/991 0.79823 0.00142 
0.7955 0.0022 195/95/99/ 0.79790 0.00146 
0.7954 0.0022 195/95/95( 0.79790 0.00150 

0.7959 0.0023 195/95/951 0.79786 0.00156 
0.7962 0.0023 (95/95/95( 0.79784 0.00157 
0.7954 0.0023 [95/95/95) 0.79753 0.00155 
0..7947 0.0024 ]95/95/951 0.79803 0.00157 
0.7954 0.0025 /95/95/951 0.79880 0.00159 
0.7950 0.0027 195/95/951 0 . 7 3 8 3 6  0.00161 
0.7951 0.0029 (35/95/95( 0.79822 0.00171 
0.7951 0.0031 195/95/95) 0.79837 0,00184 
0.7936 0.0032 (95/95/951 0.79738 0.00190 
0.7932 0.0033 (95/95/951 0.79707 0.00197 

0.7931 0.0037 )95/95/951 0.79731 0.00221 
0.7927 0.0038 195/95/951 0.79675 0.00246 
0.7881 0.0026 /95/95/951 0.79303 0,00422 
0.7867 0.0028 (95/95/951 0.79136 0.00472 
0.7849 0.0030 (95/95/95) 0.78757 0.00676 
0.7845 0.0037 /95/95/99) 0.78639 0.01049 
0.7847 0.0047 195/95/991 0.80613 0.02541 
0.7853 0.0074 135/95/95( 0.83547 0.04304 
0.7780 0.0014 
0.7781 0.0024 I 

________________________________________- -  

0,79795-0.80316 

0,79756-0.80296 
0.79693-0.80210 
0.79680-0.80211 
0.79634-0.80175 
0.79585-0.80147 
0.79537-0.80109 
0.79495-0.80084 
0.79485-0.80094 

0.79469-0.80104 
0.79469-0.80103 
0.79436-0.80070 
0.79481-0.80124 
0.79553-0.80207 
0.79504-0.80168 
0.79468-0.80177 
0.79454-0.80219 
0.79341-0.80135 
0.79291-0.80122 

0.79806-0.ao300 

_ _ _ _ _ _ _ _ _ - - _ - - - - - -  

0,79261-0.80202 
0.79143-0.80207 
0.78376-0.80231 
0.78067-0.80205 
0.77158-0.80356 
0.75955-0.81323 
0.72524-0.88703 
0.28843-1.38252 

0.79709-0.80402 
0.79717-0.80429 
0.79666-0.80386 
0.79607-0.80296 
0.79591-0.80299 
0.79543-0.80266 
0.79491-0.80242 
0.79440-0.80206 
0.79336-0.80184 
0.79381-0.80198 

0.79360-0.80212 
0.79354-0.80213 
0.79327-0.80179 
0.79369-0.80236 
0.79439-0.80321 
0.79387-0.80286 
0.79342-0.80303 
0.79316-0.80358 
0.79196-0.80280 
0.79135-0.80278 

0.79080-0.80382 
0.78933-0.80417 
0.77994-0.80613 
0.77601-0.80671 
0.76390-0.81124 
0.74429-0.82849 
0.65769-0.95458 
0.00000-3.57543 

________-____.-_ 

.____________--_ 

________________________________________-.-------.----------------------------------------------~---------------------------------- 

the minimum estimated standard deviation €or che col/ahs/tl keff estimator occurs with 3 inactive cycles and 117 active cycles. 

the first active half of the problem skips 70 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
0 
0 
t-' 

(. . 



the col/abs/trk-len keff, one standard deviation. and 6 8 .  95, and 99 percent intervals for each active half of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half O.RO049 0.00143 0.79905 to 0,80193 0.79761 to 0 .8033 .1  0.79665 to 0.R0434 
second half 0.79945 0 . 0 0 1 3 2  0.79812 to 0,80078 0.79680 to 0.80211 0.79591 to 0.80299 
final result 0.80001 0.00096 0.79905 to 0.80097 0.79810 to 0.80192 0.79747 to 0.90255 

the flrst and second half values of k[collisionlabsorption/track length) appear to be the same at the 68 percent confidence level 
lplot of the estimated col/abs/Lrack-length keff one standard deviation interval by active cycle number ( 1  = flnal keff = 0.800011 
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2 0  
2 1  
22 
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2 3  
25 
2 6  
2 7  
2 8  
2 9  
3 0  
3 1  
32  
3 3  
3 4  
3 5  
3 6  
37 

39 
40 
41 
41 
4 3  
4 4  
4 5  
4 6  
47  
4 8  

3 8  
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120 
119 
118 
li7 
116 
115 
114 
113 
1 1 2  
111 
110 
109 
108 
107 
106 
105 
104 
103 
102 
101 
100 
99 
98 
97 
9 6  
95 
94  
93 
92 
91 
90 
89 
88 
87 
R6 
85 
8 4  
8 3  
82 
81 
80 
79 
78 
77 
76 
75 
74 
7 3  
72 
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49 
50 
5 1  
52 
53 
54 
5 5  
5 6  
57 
5 8  
59 
60 
6 1  
6 2  
63 
64 
6 5  
6 6  
67 
6 8  
6 9  
7 0  
7 1  
72 
7 3  
7 4  
75 
7 6  
77  
7 8  
79  
E O  
8 1  
8 2  
83 
8 4  
8 5  
8 6  
87 

8 9  
9 0  
91 
9 2  
9 3  
9 4  
9 5  
9 6  
97 
9 8  
9 9  

100 
1 0 1  
102 
1 0 3  
104 
105 
1 0 6  

108 
109 
110 

a a  

107 

71 + 
7 0  I 
69 I 
6 8  I 
67 I 
6 6  I 
65 I 
64 I 
6 3  I 
6 2  I 

60 I 
59  I 
58 I 
5' I 
56 I 

53 I 
52  I 

6 1  + 

;: j 
5 1  + 
50 
4 9  
48 
4 7  
46  
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43 
4 2  
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37  
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3 5  
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3 0  
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2 warning messages so  far 

run terminaced when 1 2 0  kcode cycles were done 

computer c i m e  = 33.50 minuces 

mcnp version 4a 10 /0 : /93  12/19/00 11:46:59 

I 
0 

2 



WVNS-NCSE-001 
REV. 0 

Attachment 4: Case 2 with MCNP surface and cell numbers 
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WVNS-NCSE-001 
REV. 0 

Attachment 5: Case 2 MCNP input file 



k 
'd 

C 
C 
C 
1 
2 
3 
4 
5 
6 
7 
C 
C 
C 

C 
C 

WVNS-NCSE-001 
REV. 0 

3 ~ 5 1 0  
eff, 350g Pu-239 in cellulose spheres and pure celulose 
in the rest oE B-25 box (68"x54"x34.5"). 

Cell cards 

- _ _ _ _ _ - _ - - - _ - _ _ _ _ _ _ _ - - - - - _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1 -0.90 1 -2 3 -4 5 -6 8 9 10 11 imp:n=l S TRU box with cellulose 
2 -2.3 1 -2 3 - 4  -5 7 imp:n=l $ Concrete floor 
0 -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 
3 -0.909969 -8 imp:n=l $ 1 Pu-239 and cellulose sphere 
3 -0.909969 - 9  imp:n=l $ 2 Pu-239 and cellulose sphere 
3 -0.309969 -10 imp:n=l $ 3 Pu-239 and cellulose sphere 
3 -0.909963 -11 imp:n=l $ 4 Pu-239 and cellulose sphere 
____________________---------------.------------------------------------ 

'1 px 0 
*2 px 172.72 $ B-25 box length (68",) 
'3 PY 0 
* 4  py 137.16 $ 8-25 box width (54") 
5 pz 0 
6 pz 350.52 $ 4 tiers of 8-25 box height (4~34.5" or 4~87.63 cm) 

8 s 20.0 20.0 67.63 20.0 $ 1st Pu-239 and cellulose sphere 
9 s 20.0  20.0 107.63 20.0 S 2nd Pu-239 and cellulose sphere 
10 s 20.0 20.0 242.89 20.0 $ 3rd Pu-239 and cellulose sphere 
11 s 20.0 20.0 282.89 20.0 $ 4th Pu-239 and cellulose sphere 
c ______________-__-______________________----_-------- - - - - - - - - - - -_-------  

c Note: next line must be completely blank 

c Data cards 

c Materials 

7 PZ -300 

C 

C 

C 
C 

c Celulose matrix (Elements: C, H, 01 
ml 6000.50~ -0.444 

1001.50~ - 0 . 0 6 2  
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix1 from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p .  C-4 
c (Elements: H, 0, Na, Si, A I ,  Ca, Fel 
m2 1001.50~ -0.010 

8016. SOC -0.532 
11023.50~ -0.029 
13027.50~ -0,034 
14000.50~ -0.337 
2 0 0 0 0 . 5 0 ~  -0.044 
26000.55~ -0.014 

c Pu-239 and cellulose 
m3 94239.55~ -0.011478 

6 0 0 0 .  SOC -0,439354 
1001.SOC -0.061451 
8016.50~ -0.487717 

C # 

mode n 
print 40 60 80 100 110 126 
kcode 4000 1. 20 120 
ksrc 20.0 20.0 67.63 

20.0 20.0 107.63 
20.0 20.0 242.89 
20.0 20.0 282.89 

Page 1 



WVNS-NCSE-001 
REV. 0 

Attachment 6: Case 2 MCNP output file 



c 
lmcnp version 4a ld=10/01/93 12/13/00 04:12:29 
t...*.',**.l.**t~.*.*~~~*.*.~~~...~.....*~...~.*..~~.".*~.....~..~**.~~~~ 

name=3s510 

1- 
2 -  
3 -  
1- 
5 -  
6 
7 -  
8- 
9 -  
10- 
l i -  
13- 
13- 
14- 
1 5 -  
16- 
1 7 -  
18-  
19- 
2 0 -  
7 1 -  
27- 
2 3 -  
24- 
25- 
26- 
21 - 
I I R -  
29- 
30- 
3 1 -  
31- 
3 3 -  
3 4 -  
33- 
3 6 -  
3 7 -  
3 8 -  
3 9 -  
40- 
4 1 -  
42- 
4 3 -  
4 4 -  
4 5 -  
4 6 -  
47- 
48- 
49- 
5 0 -  
51 - 
5 2  - 
53- 
5 4 -  

k eff. 35Og Pu-239 in cellulose spheres and pure celulose 
c in the rest of B-25 box (68"x54"x34.5"). 
C 
c Cell cards 
C 
C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
1 1 -0.90 1 -2 3 - 4  5 -6 8 9 10 11 imp:n=l TRU box with cellulose 
3 2 - 2 . 3  1 -2 3 -4 -5 7 imp:n=l S Concrete f l o o r  
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O S Outside world 
4 3 -0,909969 -8 imp:n=l S 1 Pu-239 and cellulose sphere 
5 3 -0.909969 -9 imp:n=l $ 2 Pu-239 and cellulose sphere 
6 3 - 0 , 9 0 9 9 6 9  -10 irnp:n=l $ 3 Pu-239 and cellulose sphere 
7 3 -0,909969 -11 imp:n=l $ 4 Pu-239 and cellulose sphere 

C 

. _ _ _ _ _ _ _ _ _ _ _ _ _ ^ _ ^ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Surface cards 
c _ _ _ _ _ _ _ _ . ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

- 1  px 0 
'2 px L72.72 S 8-25 box length ( 6 8 " )  
'3 PY 0 
'4  py 137.16 $ 8-25 box width (54") 
5 pz 0 
6 pz 350.52 S 4 tiers of 8-25 box height (4~34.5" o r  4~87.63 cm) 

8 s 20.0 20.0 67.63 20.0 S 1st Pu-239 and cellulose sphere 
9 s 20.0 2 0 . 0  107.63 2a.o S 2nd Pu-239 and cellulose sphere 
10 s 20.0 20.0 242.89 20.0 $ 3rd Pu-239 and cellulose sphere 
11 s 20.0 20.0 282.89 20.0 $ 4th Pu-239 and cellulose sphere 
c __________________._____________________-------------------------------- 

c Note! next line must be completely blank 

c Data cards 

c Materials 

7 pz -300 

c 

C 

C 
C 

c Celulose matrix (Elements: C, H, 0 )  
r n l  6000.50C -0.444 

8016.50~ -0.493 
1001.50~ -0.062 

c Concrece (KENO Regular Concrete Scandard M i x )  from Harmon at al. 
c Criticality Calculation with MCNP. A primer. p .  C - 4  
c (Elements: H. 0. Na. Si, A l .  Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0.532 
1 1 0 2 3 . 5 0 ~  -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ - 0 . 0 1 4  

c Pu-239 and cellulose 

probid = 12/13/00 04:12:29 

I 
0 2  
0 
cn 
m 
0 
0 
w 



5 5 -  m3 94239.55~ -0.011478 
56- 6000.'50C -0.433354 
51 - 1001.50~ -0.061451 
5R- 8016.50C -0,487717 
59- C 
6 0 -  mode P 
61 - print 40 60 80 100 110 126 

63- ksrc 20.0 20.0 67.63 
6 4 -  20.0 20.0 107.63 
65-  20.0 20.0 242.89 
66- 20.0 20.0 282.89 
6 7 -  

lmat er la 1 compos i t i o n  

6 2 -  kcode 4000 1 .  20 1 2 0  

total Eission nubar data are bring used. 

tha sum of the fractions of macerial 1 was 9.990000E-01 

material 
number component nuclide. atom fraction 

1 6000, 0 .26588  1001, 0 . 9 7 5 7 6  8016, 0.23837 

14000, 0.20313 20000.  0.01859 26000, 0.00425 
1 1001, 0 . 1 6 8 0 3  8016, 0.56324 11023, 0.02136 13027, 0.02134 

3 94239, 0.00037 6000, 0 . 2 8 5 5 7  1001, 0.47601 8016, 0 .23805  

mater i a1 
number component nuclide. mass fraction 

1 6000, 0.44444 1001, 0 , 0 6 2 0 6  8016,  0.49349 

j 94239. 0.01148 6000, 0,43935 1001, 0.06145 8016 ,  0.48772 

1001. 0.01000 8016. 0.53200 11023, 0.02900 13027. 0.03400 
14000, 0.33700 20000, 0,04400 26000, 0.01400 

warning. 1 of the materials had unnormaliz.ed fractions. 
lcells 

atom gram neutron 
cell mat density density volume mass pieces importance 

1 1 1 7.015248-02 9.00000E-01 0.00000E+00 0.00000E+00 0 1.0000E+00 
2 2 2 8.17913E-02 2.30000E+00 7.10708E+06 1.63463!2+07 0 1.0000E+00 
3 3 0 0.00000E+00 0.00000E+00 0.00000E+00 0.00OOOE+00 0 0.0000E+00 
4 4 3 7.01934E-02 9.09969E-01 3.35103E+04 3.04934E+04 1 1.0000E+00 
5 5 3 7.01934E-02 9.099698-01 3.35103E+04 3.04334E+O4 1 1.0000E+00 
6 6 3 7.01934E-02 9.09969E-01 3.35103Ec04 3.04934E+04 1 1.0000E+00 
7 7 3 7.01934E-02 9.099698-01 3.35103E+04 3.049348+04 1 1.0000E+00 

total 7.24112E+06 1.64683Ec07 

1 warning message so far. 
Icross-section tables 

cable l e n g t h  

print table 40 

print table 60 

print table 100 

i 



lOOL.5Oc 
6 0 0 0 .  5Oc 
8016.50~ 
11023.50~ 
1 3 0 ? 7 . 5 0 c  
1 4 0 0 0 :  50c 
7 0 0 0 0 . 5 0 ~  
2 6 0 0 0 . 5 5 ~  
9 6 1 3 9 . 5 5 c  

1153 
16126 
23669 
36270 
22891 
48275 
26104 
84136 
67551 

tables from f i l e  critxs 

:otal 326175 

warning. neutron energy cutoff is below some cross-section tables 

total nu 

( 13011 79/07/31. 
I 13061 79/07/31. 

I 12761 05/14/81 
( 1311) 79/06/21. 
i 1313) 79 / 09 1 0 8 .  
( 1314) 79/06/21. 
( 13201 79/06/22. 
I 260) 10/21/82 

( 13991 02/21/85 

decimal  words of dynamically allocated storagz 

general 111050 
tallies 0 

. bank 6403 
cross sections 326175 

total 443628 

..... ~"***'.~r*......~.***~*.*~*~*~~~...~*~.*.*.~.~~~~~*.*.~*"..*....~*~.,*~*.~..~***~~~**~~.~~~~~~~*,~..*~~~~~~.~*'*'~ 
dump no. 1 on file 3s510r nps = 0 coll = 0 ctm = 0.00 n m  = 0 

source distribution written to Eile 3~510s cycle = 0 

2 warning messages so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

k e f f ,  3509 Pu-139 I n  cellulose spheres and pure celulose 

nps x 

1 2.000E+01 
2 3.000E+01 
3 2.000E+01 
4 2.000Ec01 
5 2.000E+01 
6 i.OOOE+Ol 
7 2 . 0 0 0 E + 0 1  
R 2.000Et01 
9 2.OOOE+Ol 
10 2.000E+01 
11 2.00OEt01 
1 2  2.000Et01 . 1 3  2.000E101 
14 2.000E+01 

Y 

2.000Et01 
2.000E+01 
2,OOOE+Ol 
2.000Ec01 
2.000E+01 
2.000E+01 
3.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2,00OE+01 
2. OOOEtOl 
2 .  OOOEcOl 
1.000Ec01 

2 

6.763Et01 
6.763E+01 
6.763E+01 
6. J63E+01 
6.763E+01 
6.763E+Ol 
6.763E+01 
6.763E+01 
6.763E+01 
6.763E+01 
6.763E+Ol 
6.763E+01 
6.763E+01 
6.763E601 

cell surf u 

4 0 5 . 0 8 5 E - 0 1  
4 0 8.952E-01 
4 0 -6.184E-01 
4 0 9.710E-01 
4 0 5.861E-01 
4 0 -6.489E-02 
4 0 -7.068E-02 
4 0 -3.915E-01 
4 0 -2.368E-01 
4 0 1.946E-01 
4 0 -6.698E-01 
4 0 -8.398E-01 
4 0 -1.714E-01 
4 0 -2.489E-01 

V W 

4.7333-01 7.1938-01 
-4.447E-01 -2.944E-02 
-4.495E-01 6,4468-01 
-5.665E-02 -2.323E-01 
1.496E-01 -7.963E-01 
-1.626E-01 9.845E-01 
3.2633-02 -9.970E-01 
4.6648-01 -7.9328-01 
9.215E-01 -3.079E-01 
-3.204E-01 9.271E-01 
-7.1778-01 -1.905E-01 
-4.1293-01 3.524E-01 
-8.572E-01 4.857E-01 
-5.11BE-01 -8.222E-01 

energy 

2.209Ec00 
4.904Ec00 
3.809E-01 
1.331E+00 
1.902E+00 
4.4LOE-01 
4.750E-01 
4.136E+00 
7.453E-02 
3 I 128Ec00 
1.014E+00 
1.395E+00 
7.748E-01 
1. l O l E c O O  

print table 110 

weight 

1 ,  OOOEtOO 
1.000E+00 
1. OOOEtOO 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000E+00 
1.00OE+00 
1.000E+00 

time 

0 .  OOOE*OO 
O.OOOE+OO 
0.000E+00 
0. OOOEtOO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
0.0008+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0 .  OOOEcOO 
O.OOOE+OO 

0 2  
c, 
II) m 
I 
0 
0 
F 



1 5  2.000E+01 
16 2.000Ec01 
17 2.000E+01 
18 2.000E+01 
19 2.000Ec01 
20 2.000€+01 
21 2.000E+01 
22 2.000E+01 
2 3  ?.000E*01 
24 2.000E+01 
25 2.000E*01 
2 6  2.000E+01 
27 2.OOOE+Ol 
2 8  2.000E+01 
2 9  2.000E+01 
30 1.000E+OL 
31 2.000E+01 
3 2  2.000E+01 
33 2.000E+01 
34 2.000E+01 
3 5  2.000E+01 
2 6  2.000Ec01 
37 2.000E+01 
38 2.000E*01 
39 2.000E+01 
40 2.0&0E*01 
41 2.000E+01 
42 2.000E+01 
4 3  2.000E-cOl 
44 2.000Er01 
45 2.000E+01 
4 6  2.000E+01 
47 2.OOOE+01 
48 2.000E+01 
49 2.000E+01 
50 2.000E+01 

lrstimated keff res 

?.000E+01 6.7638+01 
2.000E+01 6.7638+01 
2.000E1.01 6.763E.01 
1.000Et01 6.763€+01 
2.000E+01 6.7636+01 
2.000E+01 6.763E+01 
?..000E+01 6.763E+01 
2.000E+01 6.763E+01 
?.OOOE+Ol 6.763E+01 
2.000E+Ol 6.763EcOl 
2.000E+01 6.763E+01 
2.000E+01 6.763&+01 
2.000E+01 6.763E.01 
?.000E+01 6.763&+01 
2.000E+01 6.763E+01 
2.000E+01 6.763E+Ol 
2.000E+01 6.763Et01 
2.000Ec01 6.763Ec01 
2.000E+01 6.763E+01 
2.000E+01 6.7638+01 
2.000Ec01 6.763E+01 
2.000E+01 6.7638+01 
2.000E+01 6.763E+01 
2.000E+01 6.763E+01 
2.000E+01 6.763E+01 
2 .  OOOE+Ol 6.763E+Ol 
2,OOOE+Ol 6.763E+01 
2.000E+01 6.763Ei01 
2.000E+01 6.763E+01 
Z.OOOE+Ol 6.763E+01 
2.000E+01 6.763E.01 
2.000E+01 6.763E+01 
2.000E+01 6.763E101 
2.OOOE+Ol 6.763E+01 
2.000Ei.01 6.763E+01 
2.000E+01 6.7638+01 

u l t s  by cycle 

source distribution written to file 3~510s 

sourca distribution written to file 3s510s 

source distribution written to file 3~510s 

source  discribution written to file 35510s 

source distribution written to file 3~510s 

source distribution written Lo file 3~510s 

source distribution written to file 3 ~ 5 1 0 s  

source distribution written to file 35510s 

suurce disCribution writcen to file 35510s 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 -2.959E-01 2.119E-01 9.3146-01 
0 1.395E-01 -9.829E-01 1.202E-01 
0 6.909E-01 -7.110E-01 1.307E-01 
0 -6.580E-01 5.320E-01 -5.329E-01 
0 -9.903E-01 -1.380E-01 1.3538-02 
0 7.4628-01 4.859E-01 -4.55l.E-01 
0 -1.977E-01 9.7973-01 3.3601-02 
0 -9.117E-01 -3.647E-01 -1.8.91E-01 
0 -4.2878-01 8.361E-01 -3.423E-01 
0 1.080E-01 3.412E-01 -9.338E-01 
0 -9.111E-01 -9.012E-03 -4.122E-01 
0 -2.5683-01 -6.391E-01 -7.2493-01 
0 -2.912E-01 8.086E-01 5.113E-01 
0 l.472E-01 -9.514E-01 2.7051-01 
0 -6.135E-01 -7.645E-01 -1.3783-01 
0 -5.702E-01 5.651B-01 -5.9638-01 
0 -6.607E-01 5.373E-01 -5.242E-01 
0 -9.742E-02 -3.639E-01 -9.2633-01 
0 -1.965E-01 -3.145E-01 -9.287E-01 
0 4.0978-01 8.465E-01 -3.399E-01 
0 -4.048E-02 8.831E-01 4.675B-01 
0 3.371E-01 -9.269E-01 -1.652E-01 
0 -1.867E-01 9.7S6E-01 -1.155E-01 
0 -2.616E-01 2.336E-01 -9.3658-01 
0 9.780E-01 -7.6413-02 -1.939E-01 
0 2.580E-01 -7.076E-01 6.578E-01 
0 -3.2128-01 -7.6783-01 -5,5433-01 
0 5.039E-01 -1.460E-01 8.513E-01 
0 6.080E-01 5.487E-01 5.738E-01 
0 -2.9328-01 9.304E-01 -2.199E-01 
0 -8.475E-01 -3.993E-01 -3.497E-01 
0 1.200E-01 -9.195E-01 -3.743E-01 
0 7.0858-01 5.879E-01 3.904E-01 
0 4.2618-01 9.046E-01 9.2548-03 
0 5.431E-01. 4.2703-01 -7,2303-01 
0 -1.053E-01 -9.805E-01 1.6588-01 

cycle = 20 

cycle = 24 

cycle = 28 

cycle = 32 

cycle = 36 

cycle = 40 

cycle = 44 

cycle = 4 8  

cycle = 52  

1.951E+00 
2.186E+00 
1.865Et00 
1.229E+00 
1.305E+00 
l.OOOE+OO 
3,990Ec00 

1.156Ec00 
2.669E+00 
2.185E+00 
4.225E+00 
1.079E+00 
3.461Et00 
1.83 6Ec00 

2.665E-01 

4.556E-01 
6.415E-01 
2,764Ec00 
2.7856-01 
9 ~ 097E-01 
3.360E-01 
6.376E-01 

7.314E-01 
2.9978-01 

2.186E+00 

1.444E+OO 
1.914E+00 
l,502E+OO 
5,97lE+00 
1.827Et00 
1.928E+00 
1,35lE+00 
2.288Et00 
1.230Ec00 
1.433Et00 
6.5723-01 

'.. 



soax-ce distribution wricten to file 3 ~ 5 1 0 s  

source distribution wricten to file 3~510s 

source distribution written to file 3~510s 

source distribution written to file 3 ~ 5 1 0 s  

so'urce distribution written to file 3~510s 

source discribution written to file 3~510s 

source distribution written to file 3~510s 

s c l u r c ~  distribution wricten to file 3~510s 

source  distribution written to file 3 ~ 5 1 0 s  

source distribution written to file 3~510s 

source distribuLion written t o  file 3 ~ 5 1 0 s  

escimator cycle 100 ave of 80 cycles 
klcollision) 0.918349 0.920144 0.0017 
klabsorption) 0.922627 0.921347 0.0013 
k(trk length) 0.916271 0.920550 0.0017 
rem lifelcoll 2.7191Et04 2.2096E+04 0.0028 
rem li€e(abs) 2.23473+04 2.2099E+04 0.0025 
source points generated 3951 

source distribution written to file 3~510s 

source distribution written to file 3~510s 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

56 

60 

64 

68 

72 

76 

a o  

84 

88 

92 

96 

combination simple average combined average corr 
k(col/abs) 0.920745 0.0011 0.920893 0 . 0 0 1 1  0.0755 
klabs/tk lni 0.920949 0.0011 0.921058 0.0011 0 . 0 9 6 0  
k(tk ln/coli 0.920347 0.0017 0.920147 0.0017 0.9773 
klcol/abs/tk lnl 0.920680 0.0013 0.920800 0 . 0 0 1 1  
life(col/absi 2.2097B+04 0.0027 2.2101E+04 0.0025 0.9644 

cycle = 100 

cycle = 104 

..*....*..** . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
dump no. 3 on file 355101 nps = 423162 coll = 57733422 ctm = 30.39 nrn = 1010199787 

sourcs distribution written to file 3~510s cycle = 1 0 8  

source distribution written to file 3 ~ 5 1 0 s  cycle F 112 

estimatar cycle 116 ave of 96 cycles combination simple average combined average corr 
klco1:isionJ 0.893006 0.918439 0.0016 klcol/abs) 0.919656 0.0010 0.320030 0.0010 0.0909 
;:(absorption) 0.921340 0.920873 0.0012 k(abs/tk In) 0.319798 0.0010 0.920161 0 , 0 0 1 0  0.1069 

rem lifelcoll 2.1762Ec04 2.2117E+04 0.0025 k(col/abs/tk In) 0.319345 0.0012 0.919965 0 . 0 0 1 0  
rem lifelabs1 -7.185OE+04 2.2126E+04 0.0023 life(col/absl 2.2121Et04 0.0024 2 . 2 1 3 3 3 + 0 4  0.0022 0 . 9 6 5 7  
5ourc2 points generated 3865 

source distribution written to file 3 ~ 5 1 0 s  cycle = 116 

k l t r k  length) 0.832840 0.918723 0.0016 k(tk lnlcoll 0.918581 0 . 0 0 1 6  0.9ia414 0.0016 0.9790 

eskirnator cycla 117 ave of 97 cycles combination simple average combined average corr 
klcollision) 0.911225 0.918365 0.0015 k(col/abs) 0.919600 0 . 0 0 1 0  0.919981 0 . 0 0 1 0  0.0926 
klabsorptionl 0.917287 0.920836 0.0012 k(abs/tk In) 0.919726 0.0010 0.920104 0 .0010  0.1091 
kltrk length) 0 .  908431 0.918617 0.0016 klck ln/col) 0.918491 0.0016 0.918336 0 . 0 0 1 6  0.9788 

1 
0 
0 
I-J 



rem lifelcol) 2.1807E+04 2.21141+04 0.0025 
rem lifelabs) 2,20223.04 2.21258.04 0.0023 
source p o i n t s  generated 4041 

estimator cycle 118 ave of 98 cycles 
klcollision) 0.911258 0.918293 0.0015 
k:absorption) 0.904611 0.920671 0.0012 
kltrk length) 0.314845 0.918578 0.0016 
rem liEelco1) 2.2313€+04 2.2116Ec04 0.0025 
rem lifefabs) ?.?236E+04 2.21261+04 0,0022 
source points generated 3899 

estimator cycle 119 ave of 99 cycles 
klcollision) 0.912979 0.918239 0.0015 
k(absorption) 0.919234 0.920657 0.0011 
k (trk length) 0.911791 0.918510 0 .0016  
rem life(col1 2.2083Ec04 2.2115E.04 0.0024 
rem lifelabs) 2.2233€+04 2.2127Ec04 0.0022 
source points generated 3982 

estimator cycle 120 ave of 100 cycles 
k i col1 is i 0 x 1 )  0.918433 0.318241 0.0015 
klabsorption) 0.921112 0.920661 0,0011 
k(trk :engthl 0.920086 0 . 9 1 8 5 2 6  0 . 0 0 1 5  
rem lifelcol) 2.1646E104 2.2111E+04 0 . 0 0 2 4  
rem li€e(abs) 2.1606E+04 2.21228+04 0.0022 
source points generated 9091 

source distribution written to file 3~510s 
lproblem sununary 

klcol/abs/tk In1 0.913273 0,0011 0.919921 0.0010 
life(col/absl 2.2119E+04 0.0023 2.2133E+04 0.0022 0.9651 

combination simple average combined average corr 
k lcol/absl 0.919482 0.0010 0.919838 0.0010 0.0993 
klabs/tk In) 0.919625 0.0010 0.919969 0.0010 0 . 1 1 1 9  
k(tk l n / co l )  0.918435 0.0015 0.918268 0.0016 0.9786 
klcol/abs/tk In) 0.319181 0.0011 0.919783 0.0010 
lifefcol/abs) 2.2121E+04 0,0023 2.21341+04 0.0022 0.3650 

combination simple average combined average corr 
k(col/abst 0.919448 0 , 0 0 1 0  0.919811 0.0010 0.0997 
k(abs/tk 11-11 0.919583 0,0010 0.919939 0.0010 0.1124 
kltk ln/col) 0.918374 0.0015 0.918213 0.0015 0.9786 
klcol/abs/tk In1 0.919135 0.0011 0.919758 0.0010 
lifeIcol/absl 2.2121Ec04 0,0023 2.2135E+04 0.0022 0.3646 

combination simple average combined average corr  
klcol/abs) 0.919451~0.0010 0.919815 0.0010 0.0397 
klabs/tk In) 0.919594 0,0010 0.919347 0.0010 0.1124 
k(tk ln/col) 0.918383 0,0015 0.918214 0.0015 0.9785 
klcol/abs/tk In) 0.919143 0.0011 0.913759 0.0010 
lifeIcol/abst 2.2116&+04 0.0023 2.2130Ec04 0.0022 0.9648 

cycle = 120 

run terminated when 120 kcode cycles were done. 

k eff. 3509 Pu-239 in cellulose spheres and pure celulose 
0 
neutron creation 

source 

weight window 
cell importance 
weight cucoff 
energy importance 
&.tran 
forced collisions 
e x p .  cransform 
upscattering 

in.xn) 
fission 

total 

tracks 

478984 

0 

0 
0 

' 0  
0 
0 
0 

2 
0 

478986 

a 

weight energy 
(per source particle] 

0. 0. 
0. 0. 
8.9224E-02 2.7488B-08 
0. 0. 
0. 0 .  
0. 0. 
0. 0. 
0. 7.1800E-07 

2.71358-06 2.8009E-06 
0. 0. 
1 . 0 9 1 3 E + 0 0  2.1132Ec00 

neutron loss 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
downscattering 
capture 
loss to (n,xn) 
loss to fission 

total 

tracks 

246 
0 
0 
0 
0 

478733 
0 
0 
0 
'0 
0 
0 
1 
0 

418986 

12/13/00 0 4 : 4 6 : 5 5  
probid = 12/13/00 04:12:29 

weight energy 
(per source particle) 

2.7996E-04 
0. 
0. 
0. 
0. 
8.9111E-02 
0. 
0. 
0. 
0. 
0. 
6.8222E-01 
1.3568E-06 
3.1913E-01 
1.0913E+00 

2.7947E-04 
0. 
0. 
0. 
0. 
2.7733E-08 
0. 
0. 
0. 
0. 
2.0923E.00 
1.9475E-02 
1.0252E-05 
1.2158E-03 
2.11328+00 

number oE neutrons banked 1 average lifetime, shakes cutoffs 
neutron tracks per source particle 1.0000E+00, escape 4.2552Ec04 tco 1.0000Ec34 
neutron collisions per source particle 1.3652E+02 capture 2.2066E+04 eco O,000OE+00 
total neutron collisions 653 91 12 6 capture or escape 2.2072E104 wcl -5.0000E-01 

I 

O,Z I 

i 



net multiplication 1.OOOOE+00 0.0000 any termination 2.64082+04 wc2 -2,500OE-01 

computer cime so far in this run 34.43 minutes 
computer time in mcrun 34.42 minutes 
source particles per minute 1.3917E+04 
random numbers generated 1144136583 

range of sampled source weights = 9.1806B-01 to 1.1737E+OO 
Ineutron activity in each cell 

maximum number ever in bank 1 
bank overflows to backup file 0 
field length 0 
most random numbers used was 31665 in history 197102 

print table 126 

average tracks population collisions collisions number f l W  average 
cell entering - weight weighted weighted track weight track mfp 

(per history) energy energy (relative1 (cml 

1 1 906014 367017 45934632 5.2947E+01 4.33928-05 2.4319E-01 5.9250E-01 l.S252E+OO 
2 604 256 15936 1.47498-02 3 . 6 6 8 8 2 - 0 5  2.41382-01 4.66118-01 2.0500E+00 

4 4 3 5 2 0 6 5  153498 5576874 8.9115E+00 1,89478-04 5.82208-01 8.3301E-01 2.35408+00 
5 5 336787 1 4 6 3 5 3  5252668 8.38463+00 1.904.58-04 5.8508E-01 8.3271E-01 2.35978+00 
6 6 268651 117150 4216496 6.7303E+00 1.8961E-04 5.8445E-01 8.3224E-01 2.3559E+OO 
7 1 279517 121580 4394520 7.027SEt00 1.9157E-04 5.8576E-01 8.3375E-01 2.3618E+00 

total 2143638 905854 65391126 8.4016E+01 
l k e f f  results for: k eff. 350y Pu-239 in cellulose spheres and pure celulose probid = 12/13/00 04:12:29 

Lhe initial flssion neutron source distribution used the 4 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 20 cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 
chis problem has run 20 inactive cycles with 79906 neutron histories and 100 active cycles with 399078 neutron histories. 

chis calculation has completed the requested number of keff cycles using a total of 478984 fission neutron source histories. 
all cells with fissionable material were sampled and had fission neutron source points. 

c h r  results of the w test for  normality applied to the individual collision, absorption, and track-length keff cycle values are: 

the k l  collision1 Cycle values appear normally distributed at the 95 percent confidence level 
the klabsorption) cycle values appear normally 'distributed at the 95 percent confidence level 
thr k(trk length) cycle values appear normally distributed at the 95 percent confidence level 

._-.._______.-__________________________--------------------------------------------------------------------------.-----.--------.- 

I I 

I I 

I I 

I I 

1 che final estimated combined collision/absorption/track-length keff = 0,91976 with an estimated standard deviation of 0.00089 I 
I the estimared 6 8 .  95. 6. 99 percent kef€ confidence intervals are 0.91886 to 0.92065, 0.91798 to 0.92154, and 0.91740 to 0.92212 1 

I the escimated collisionlabsorption neutron removal lifetime = 2.21E-04 seconds with an estimated standard deviation of 4.818-07 1 
.----_-____-----_------------------------------------------------------------------------------------------------------.----------- 

the ascimated average ke:fs. one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

keff estimator keff standard deviation 68% confidence . 95% confidence 99% confidence corr 

collision 0 . 9 1 8 2 4  0.00138 0.91686 to 0,91962 0.91549 to 0.92099 0.91459 to 0,92189 
absorption 0 . 9 2 0 6 6  0.00105 0.91961 to 0.92171 0.91858 to 0.92275 0.91790 to 0,92343 

I 
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track length 0.31853 0 . 0 0 1 4 2  0 . 9 1 7 1 1  to 0 . 3 1 9 9 5  0 .91570 to 0 . 9 2 1 3 5  0 . 3 1 4 7 8  to 0.92227 
col/absorp 0 . 9 1 9 8 1  0 . 0 0 0 8 9  0 . 9 1 8 9 3  to 0 . 9 2 0 7 0  0 .91805 to 0 . 9 2 1 5 8  0 . 9 1 7 4 7  to 0 , 9 2 2 1 6  0 . 0 9 3 7  

abs/trk l e n  0 . 9 1 9 9 5  0 . 0 0 0 9 0  0 . 9 1 9 0 5  to 0 . 9 2 0 8 5  0 . 9 1 8 1 6  to 0 . 9 2 1 7 3  0 . 9 1 7 5 8  to 0 . 9 2 2 3 2  0 . 1 1 2 4  
col/trk len 0 . 9 1 8 2 1  0 . 0 0 1 4 0  0 . 3 1 6 8 2  t o  0 . 9 1 9 6 1  0 . 9 1 5 4 3  to 0 . 9 2 0 9 9  0 . 9 1 4 5 3  to 0 , 9 2 1 9 0  0 . 9 7 8 5  

col/abs/trk len 0 . 9 1 9 7 6  0 . 0 0 0 8 9  0.91886 to 0 . 3 2 0 6 5  0.91798 to 0.92154 0 .91740 to 0 . 9 2 2 1 2  

i f  the largest o f  each keff occurred on the next cycle, the keff results and 68, 95, and 99 percent confidence intervals would be: 

keff estimator keff standard deviation 68% confidence 95% conf.idence 99% confidence 

collision 0..91856 0 . 0 0 1 4 1  0 . 9 1 7 1 5  to 0 . 9 1 3 9 7  0 . 9 1 5 7 6  to 0 . 9 2 1 3 6  0 .31485  to 0 , 9 2 2 2 7  
absorption 0 . 9 2 0 9 2  0 , 0 0 1 0 7  0 . 9 1 9 8 5  to 0 . 9 2 1 3 9  0 . 9 1 0 7 9  to 0 . 3 2 3 0 5  0 . 9 1 8 1 0  to 0 , 9 2 3 7 4  

track length 0 . 3 1 8 9 0  0.00145 0 . 9 1 7 4 5  to 0 . 9 2 0 3 6  0 . 3 1 6 0 1  to 0 . 9 2 1 8 0  0.31506 t o  0 . 9 2 2 7 4  
col/abs/trk Ian 0 . 9 1 9 9 8  0 . 0 0 0 9 3  0 . 9 1 9 0 6  t o  0 . 3 2 0 9 1  0 .91814 to 0 . 9 2 1 8 3  0 . 9 1 7 5 4  to 0 . 9 2 2 4 3  

the estimated cullision/absorption neutron lifetimes. one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

type lifetime(sec) standard deviation 68% confidence 95% confidence 99% confidence 

removal 2 . 2 1 3 0 6 - 0 4  4.81066-07 2.2082E-04 t O  2.2178E-04 2.2034E-04 t O  2 . 2 2 2 6 6 - 0 4  2.2003E-04 to 2 , 2 2 5 7 8 - 0 4  
capture 2 . 2 1 2 2 6 - 0 4  4 . 1 9 2 2 8 - 0 7  -7.2080E-04 t o  2.2164E-04 2.2039E-04 to 2.2206E-04 2 .2011E-04 t o  2 . 2 2 3 3 E - 0 4  
€ission 1 . 4 5 9 7 8 - 0 9  2 .6756E-07 1 .4571E-04 to 1.46243-04  1 . 4 5 4 4 8 - 0 4  to 1.4651E-04 1 . 4 5 2 7 E - 0 4  to 1.466RE-04 
escape 4 . 6 1 0 6 E - 0 4  5 , 2 9 3 3 6 - 0 5  . 4 . 0 8 0 7 E - 0 4  to 5.1404E-04 3 .5562E-04 to 5.6650E-04 3 . 2 1 2 1 8 - 0 4  to 6.0091E-04 

laverage individual and combined collision/absorption/track-length keff results for 7 different batch sizes 

cycles per number of averaga keff estimators and deviations normality average klc/a/t) k(c/a/t) confidence intervals 
keff batch k batches k(co1) St dev klabs) st dev k(trk) st dev co/ab/trk k(c/a/t) st dev 95% confidence 39% confidence 

1 1 0 0  I 0 . 9 1 8 2  0 . 0 0 1 4  0 . 9 2 0 7  0,0010 0 . 3 1 8 5  0 .0014 ( 9 5 / 9 5 / 9 5 1  0 . 3 1 9 7 6  0.00083 0 , 9 1 7 9 8 - 0 . 9 2 1 5 4  0 . 3 1 7 4 0 - 0 . 9 2 2 1 2  
7 5 0  1 0 . 9 1 8 2  0 . 0 0 1 4  0 .3207  0 . 0 0 0 9  0 . 3 1 8 5  0 . 0 0 1 5  ( 3 5 / 9 5 / 9 5 1  0 .91996 0.00030 0 . 3 1 8 1 4 - 0 . 9 2 1 7 8  0 . 3 1 7 5 3 - 0 . 9 2 2 3 9  
4 2 5  I 0 . 9 1 8 2  0 . 0 0 1 8  0 . 9 2 0 7  0 . 0 0 1 1  0 . 9 1 8 5  0 .0018 ( 9 5 / 9 5 / 9 5 (  0 . 9 1 9 9 5  0 . 0 0 1 1 3  0 . 9 1 7 6 1 - 0 . 9 2 2 3 0  0 . 3 1 6 7 7 - 0 . 9 2 3 1 4  
5 20 I 0 . 9 1 8 2  0 . 0 0 1 8  0 . 9 1 0 7  0 . 0 0 1 0  0 9185 0 . 0 0 1 8  1 9 5 / 3 5 / 9 5 )  0 . 9 2 0 0 3  0 . 0 0 0 9 7  0 . 9 1 8 0 0 - 0 . 9 2 2 0 7  0 . 9 1 7 2 3 - 0 . 3 2 2 8 3  

10 10 1 0 . 9 1 8 2  0 . 0 0 2 1  0 . 9 2 0 7  0 . 0 0 1 2  0 . 9 1 8 5  0 . 0 0 2 3  135/35/351 0 . 9 1 9 6 8  0 .00089 0 . 9 1 7 5 7 - 0 . 9 2 1 8 0  0 . 9 1 6 5 5 - 0 . 9 2 2 8 2  
'0 ' 5 1 0 . 9 1 8 2  0 . 0 0 2 5  0 . 9 2 0 7  0 . 0 0 1 4  0 . 9 1 8 5  0 . 0 0 2 7  1 3 5 / 9 5 / 9 5 1  0 .31340 0 . 0 0 1 1 7  0 . 9 1 4 3 5 - 0 . 9 2 4 4 4  0 . 9 0 7 7 6 - 0 . 9 3 1 0 3  
2 5  4 I 0 . 9 1 8 2  0 . 0 0 2 6  0 . 9 2 0 7  0 . 0 0 1 2  0 . 9 1 8 5  0 . 0 0 2 8  ) 9 5 / 9 5 / 9 5 1  0 .32042 0 . 0 0 0 5 8  0 . 9 1 3 1 0 - 0 . 9 2 7 7 5  0 . 8 8 3 7 4 - 0 . 3 5 7 1 1  

lindividual end average keff estimator results by cycle 

keC€ 
cycle 

1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  

11 
1 2  
1 3  
1 4  
1 5  

neutron keff estimators by cycle average keff estimators and deviations 
histories klcoll) k(abs) kltrack) k(co1lt st dev klabs) st dev kltrack) st dev 

4000 I 1 . 0 3 7 0 0  1 . 1 5 2 1 9  1 . 0 9 8 2 0  [ 
4357 I 0 . 9 4 2 8 5  0 . 9 5 8 6 0  0 . 3 4 3 7 4  1 

4022 I 0 . 9 1 6 3 3  0 . 9 1 5 6 2  0 . 9 1 6 6 6  I 
3 9 1 1  I 0 . 8 9 3 6 6  0 . 9 1 9 1 1  0 . 8 9 2 7 7  I 
3 8 2 1  1 0 . 9 1 8 5 0  0 . 9 2 3 6 9  0 . 9 2 0 9 3  1 
4072 I 0 . 9 1 8 2 2  0 . 9 0 5 8 7  0 . 9 1 3 2 5  I 
4056 I 0 . 9 1 0 3 2  0 . 9 1 7 7 2  0 . 9 1 3 0 1  I 
4037 I 0 . 8 8 8 2 6  0 . 9 0 5 5 2  0 . 8 9 1 2 1  1 
3907 I 0 . 9 3 9 5 2  0 . 9 3 4 0 5  0 . 9 1 0 4 3  1 
4302 I 0 . 3 2 5 5 7  0 . 9 2 7 8 9  0 . 3 2 7 7 6  I 
3929  1 0 . 9 2 4 6 4  0 .32037 0 . 9 2 5 6 2  I 
4037 1 0 . 9 3 1 3 5  0 . 3 1 3 6 7  0 , 9 3 0 3 2  I 
4017 I 0 . 8 8 4 0 6  0 . 9 2 3 8 5  0 . 8 8 5 5 0  I 
3779  1 0 . 9 0 8 6 9  0 . 9 2 9 0 1  0 . 9 0 8 4 3  1 

3 4 0 8  I 0 . 9 3 4 9 0  0 . 9 3 6 0 8  0 . 9 2 3 4 4  i 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



16 4027 
i 7  4044 
1 8  3909 
1 9  4085 
2 0  4186 

9 1  3676 
2 2  4178 
23  4068 
24 3836 
2 5  4 0 0 1  
.? 6 3892 
27 4069 
1 8  3 9 6 1  
2 9  4065 
3 0  3858 

._______________-- 

0 . 9 2 1 3 6  0 . 9 3 2 8 2  0 . 9 2 3 5 7  1 
0 . 9 0 8 5 2  0 . 9 1 9 9 1  0 . 9 0 5 2 2  1 
0 . 9 1 0 9 7  0 , 9 2 1 0 9  0 . 9 1 1 6 9  I 
0 . 9 4 6 9 6  0 . 8 8 7 6 8  0 . 9 5 0 1 7  I 
0 . 8 9 3 3 7  0 . 9 1 9 8 0  0 . 8 9 3 4 1  I 
0 . 9 1 9 2 6  0 , 9 1 4 7 2  0 . 9 1 6 3 6  
0 . 9 2 9 5 4  0 . 9 2 3 7 2  0 , 9 3 0 5 4  
0 . 9 2 7 0 4  0 . 9 3 4 4 8  0 . 9 2 8 1 2  
0 . 9 3 9 0 5  0 . 9 2 6 4 4  0 . 9 4 2 3 2  
0 . 9 3 0 9 3  0 . 9 1 3 6 1  0 .93240 
0 . 9 4 8 5 3  0 . 9 4 1 1 1  0 , 9 5 6 4 9  
0 . 9 3 6 0 0  0 . 9 1 0 4 3  0 . 9 3 7 1 7  
0 . 9 3 9 5 3  0 . 9 3 6 0 4  0 . 9 3 8 8 3  
0 . 9 1 3 0 3  0 . 9 4 6 1 4  0 , 9 1 4 1 9  
0 . 9 2 0 0 7  0 . 9 2 8 1 7  0 . 9 2 3 9 4  

begin a,--ive keff cycles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0 . 9 2 4 4 0  0 . 0 0 5 1 4  
0 . 9 2 5 2 8  0 .00310 
0 .92872 0 . 0 0 4 0 8  
0 . 9 2 9 1 6  0 . 0 0 3 1 9  
0 . 9 3 2 3 9  0 . 0 0 4 1 5  
0 .93292 0 . 0 0 3 5 4  
0 . 9 3 3 7 4  0 . 0 0 3 1 8  
0 . 9 3 1 4 4  0 . 0 0 3 6 3  
0 . 9 3 0 3 1  0 , 0 0 3 4 4  

0 . 9 1 9 2 2  0 . 0 0 4 5 0  
0 . 9 2 4 3 1  0 , 0 0 5 7 1  
0 . 9 2 4 8 4  0 . 0 0 4 0 7  
0 . 9 2 2 6 0  0 .00387 
0 . 9 2 5 6 8  0 .00442 
0 . 9 2 3 5 0  0 . 0 0 4 3 2  
0 . 9 2 5 0 7  0 . 0 0 4 0 6  
0 . 9 2 7 4 1  0 , 0 0 4 2 8  
0 . 9 2 7 5 5  0 . 0 0 3 8 3  

0 . 9 2 3 4 5  0 .00109 
0 . 9 2 5 0 1  0 . 0 0 4 3 8  
0 . 9 2 9 3 4  0 . 0 0 5 3 2  
0 . 9 2 9 9 5  0 . 0 0 4 1 7  
0 . 9 3 4 3 7  0 . 0 0 5 5 8  
0 . 9 3 4 7 7  0 .00473 
0 . 9 3 5 2 8  0 , 0 0 4 1 3  
0 . 9 3 2 9 4  0 . 0 0 4 3 3  
0 . 9 3 2 0 4  0 . 0 0 3 9 8  

0 . 9 2 5 9 0  0 . 0 0 0 5 4  
0 . 9 2 5 9 0  0 . 0 0 1 1 1  
0 . 9 2 5 8 8  0 . 0 0 0 9 7  
0 . 9 2 5 7 1  0 . 0 0 0 9 9  
0 . 9 2 9 0 4  0 . 0 0 3 0 5  
0 . 9 2 6 7 0  0 . 0 0 2 4 0  
0 . 9 2 5 9 7  0 , 0 0 2 6 4  

/ 0 . 9 2 5 7 4  0 . 0 0 2 4 1  
1 0 . 9 2 7 0 3  0 . 0 0 2 2 6  
I 0 . 9 2 6 4 3  0 . 0 0 2 0 8  
1 0 . 9 2 4 7 9  0 . 0 0 2 0 8  
1 0 . 9 2 4 3 0  0 . 0 0 2 0 7  
I 0 . 9 2 3 3 7  0 . 0 0 2 2 7  
I 0 . 9 2 3 4 4  0 . 0 0 2 1 3  
I 0 . 9 2 3 1 1  0 . 0 0 2 0 5  
I 0 . 9 2 2 8 1  0 . 0 0 2 0 1  
1 0 . 9 2 2 8 9  0 . 0 0 1 9 3  - - _ _ _ _ _ - _ - _ - - - - _ _ _ _ _ _  

2618589 
442228 
537500 
432967 

40566 
5 7 8 2 1  
43199 

46948 
49258 
53423 
49449 
46746 
36226 
3 8 6 0 1  
39342 
38628 
39887 

29563 
31412 
30466 
31191 
29117 
30135 
30741 
31796 
34120 
34631 

. - - - - - 

. - - - - - - 

_-____---_._---__-__------ 

3929 I 0 . 9 1 2 0 2  0 . 9 4 6 8 9  
3994 I 0 , 9 3 7 3 2  0 . 9 2 6 3 2  
4 1 3 1  I 0 . 9 2 0 5 3  0 . 9 2 0 5 7  
3961 1 0 . 9 0 5 1 7  0 . 9 0 6 0 3  
4006 0 . 9 0 9 5 6  0 , 9 3 1 5 6  
4038 I 0 . 9 1 4 0 3  0 . 9 0 9 1 2  
4051 J 0 . 9 2 5 9 1  0 . 9 2 7 1 7  
4042 I 0 . 9 2 3 6 2  0 . 9 1 6 3 2  
4028 I 0 . 9 2 9 6 2  0 . 9 1 4 4 2  
4050 I 0 . 9 2 4 5 5  0 , 9 3 2 6 0  

____.-________.___________ 

-. 
0 91447 
0 . 9 3 5 6 5  
0 . 9 1 9 9 2  
0 . 9 0 1 2 1  
0 . 9 1 1 9 2  
0 , 9 1 5 8 0  
0 . 9 2 6 9 2  
0 . 9 2 4 8 9  
0 , 9 3 2 5 9  
0 . 9 2 7 1 8  _ - _ - - _ - - -  - 

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  
I 0 92864 0 . 0 0 3 5 3  
1 0 . 9 2 9 3 7  0 . 0 0 3 3 0  
1 0 . 9 2 8 6 9  0.00311 
1 0 . 9 2 7 0 1  0 . 0 0 3 3 3  

I 0 .92510 0 , 0 0 3 1 9  
1 0 . 9 2 5 1 5  0 . 0 0 2 9 9  
[ 0 . 9 2 5 0 7  0 , 0 0 2 8 2  
1 0 . 9 2 5 3 1  0 . 0 0 2 6 8  
J 0 .92527 0 . 0 0 2 5 4  

1 0 . 9 2 ~ 8 4  0 . 0 0 3 3 1  

---________---_--_. 
0 . 9 3 0 4 4  0 , 0 0 3 9 4  
0 . 9 3 0 8 7  0 . 0 0 3 6 2  
0 .93003 0 .00343 
0 . 9 2 7 9 7  0 . 0 0 3 7 9  
0 . 9 2 6 9 0  0 . 0 0 3 6 9  
0 . 9 2 6 2 1  0 . 0 0 3 5 2  
0 . 9 2 6 2 5  0 . 0 0 3 3 0  
0 .92618 0 . 0 0 3 1 2  
0 . 9 2 6 5 1  0 . 0 0 2 9 7  
0 . 9 2 6 5 5  0 . 0 0 2 8 1  

.___----_.______ 

0 . 9 2 9 3 1  0 , 0 0 3 8 8  
0 . 9 2 9 0 6  0.00355 
0 . 9 2 8 4 0  0 . 0 0 3 3 3  
0 .92681 0 . 0 0 3 4 8  
0 .92112 0 . 0 0 3 2 5  
0 .92603 0 .00323 
0 . 9 2 6 1 0  0 . 0 0 3 0 3  
0 . 9 2 5 5 6  0 . 0 0 2 9 1  
0.92497 0 . 0 0 2 8 2  
0 . 9 2 5 3 5  0 .00270 

- - . . . - - 
3 1  
3 2  
3 2  
34 
i 5  
36 
3 7  
38 
39 
4 0  

0 . 9 2 2 1 5  0 . 0 0 2 1 8  
0 .92192 0 . 0 0 2 0 7  
0 . 9 2 1 4 7  0 . 0 0 2 0 6  
0 . 9 2 1 6 4  0 . 0 0 1 9 9  
0 . 9 2 3 5 3  0 . 0 0 2 0 2  
0 . 9 2 3 4 1  0 .00195 
0 . 9 2 3 5 1  0 . 0 0 1 8 9  
0 . 9 2 3 6 6  0 . 0 0 1 8 3  
0 . 9 2 3 6 3  0 . 0 0 1 7 3  
0 . 9 2 4 2 6  0 . 0 0 1 6 9  

4 1  3 900  
42 4055 
43 3926 
4 3  4025 
4s 4017 
4 6  4017 

48 4097 
4 9  3992 
5 0  4021 

47  3 8 8 0  

0 . 9 1 3 1 0  
0 . 9 0 3 9 4  
0 . 9 1 6 4 2  
0 . 9 3 9 3 6  
0 . 9 4 0 7 6  
0 . 9 2 5 4 3  
0 . 9 4 1 1 3  
0 . 9 2 3 5 6  
0 . 9 2 3 8 1  
0 , 9 5 0 4 9  

0 . 8 9 9 0 4  
0 . 9 3 6 1 2  
0 . 9 1 0 9 5  
0 . 9 1 5 4 4  
0 . 9 3 1 2 6  
0 . 9 1 6 4 1  
0 . 9 1 3 6 5  
0 , 9 3 3 0 8  
0 . 9 1 8 1 3  
0 . 9 1 1 3 0  

0 . 9 1 5 2 6  
0 . 9 0 3 7 9  
0 . 9 1 7 8 0  
0 . 9 4 1 0 1  
0 . 9 3 5 2 8  
0 . 9 2 6 1 9  
0 . 9 4 2 3 8  
0 . 9 2 4 5 9  
0 . 9 2 1 4 0  
0 . 9 4 2 1 9  

0 .92469 0 . 0 0 2 4 9  
0 . 9 2 3 7 5  0 . 0 0 2 5 5  
0 .92343 0 . 0 0 2 4 6  
0 .92409 0 . 0 0 2 4 5  
0 .92416 0 .00244 
0 .92478 0 , 0 0 2 3 4  
0 .92539 0 . 0 0 2 3 4  
0 . 9 2 5 3 2  0 . 0 0 2 2 5  
0 . 9 2 5 2 7  0 . 0 0 2 1 1  
0 . 9 2 6 1 1  0 , 0 0 2 2 6  

0 .92410 0 . 0 0 2 8 6  
0 . 9 2 4 6 5  0 . 0 0 2 7 8  
0 . 9 2 4 0 5  0 .00212 

0 . 9 2 4 0 0  0 .00254 
0 . 9 2 3 7 0  0 . 0 0 2 4 6  
0 . 9 2 3 3 3  0 . 0 0 2 3 9  
0 . 9 2 3 6 8  0 . 0 0 2 3 3  
0 .92349 0 , 0 0 2 2 6  
0 . 9 2 3 0 8  0 , 0 0 2 2 2  

0 .92369 0.110263 

0 . 9 2 6 0 1  0 . 0 0 2 7 3  
0 . 9 2 5 0 0  0 .00279 
0 . 9 2 4 6 9  0 .00269 
0 .92537 0 . 0 0 2 6 6  
0 . 9 2 5 1 6  0 .00258 
0 , 9 2 5 7 8  0 . 0 0 2 4 8  
0 . 9 2 6 3 9  0 .00247 
0 . 9 2 6 3 3  0 . 0 0 2 3 8  
0 . 9 2 6 1 6  0 . 0 0 2 3 0  
0 .92669 0 . 0 0 2 2 8  

-___._-_____.___ 

4024 J 0 , 9 0 7 0 7  
3891 I 0 . 9 1 7 9 1  
4020 1 0 . 9 3 0 3 1  
4022 I 0 . 9 2 1 3 5  
3941 1 0 . 9 4 2 7 8  
4105 1 0 . 9 1 5 5 5  
3871 I 0 . 9 2 2 7 0  
3908 1 0 . 9 0 1 9 2  
3804 I 0 . 9 1 9 5 1  
4064 1 0 . 8 8 2 5 3  

- -  ___.._ ~ 

0 . 9 2 2 0 7  
0 . 9 0 2 6 1  
0 . 9 2 6 9 4  
0 , 9 2 2 6 1  
0 . 9 2 6 7 2  
0 . 9 2 5 3 4  
0 . 9 2 3 3 2  
0 . 8 9 5 7 0  
0 . 9 1 3 2 0  
0 . 9 1 2 1 3  

- 
0 . 9 1 1 1 1  
0 . 9 1 6 3 3  
0 . 9 3 1 8 8  
0 . 9 2 4 6 4  
0 .  94503 
0 . 9 1 1 6 9  
0 . 9 2 0 6 6  
0 . 9 0 3 6 9  
0 . 9 1 5 7 5  
0 . 8 8 5 7 5  

0 . 9 2 5 5 0  0 . 0 0 2 2 7  
0 .92526 0 , 0 0 2 2 1  
0 . 9 2 5 4 1  0 . 0 0 2 2 5  
0 . 9 2 5 2 9  0 . 0 0 2 0 9  
0 .92579 0 . 0 0 2 0 9  
0 . 3 2 5 5 1  0 . 0 0 2 0 5  
0 .92543 0 . 0 0 2 0 0  
0 . 9 2 4 8 2  0 . 0 0 2 0 4  
0 . 9 2 4 6 8  0 . 0 0 1 9 9  
0 . 9 2 3 6 3  0 . 0 0 2 2 1  

0 . 9 2 3 0 5  0 . 0 0 2 1 5  
0 . 9 2 2 4 1  0 . 0 0 2 1 8  
0 . 9 2 2 5 5  0 . 0 0 2 1 1  
0 . 9 2 2 5 5  0 , 0 0 2 0 5  
0 . 9 2 2 6 7  0 . 0 0 1 9 9  
0 . 9 2 2 1 4  0 . 0 0 1 9 4  
0 . 9 2 2 7 6  0 .00189 
0 . 9 2 2 0 5  0 . 0 0 1 9 1  
0 .92182 0 , 0 0 1 9 3  
0 . 9 2 1 5 8  0 . 0 0 1 9 0  

0 . 9 2 6 1 9  0 . 0 0 2 2 7  

0 . 9 2 6 0 7  0 . 0 0 2 1 5  
0 , 9 2 6 0 2  0 . 0 0 2 0 9  
0 . 9 2 6 5 7  0 . 0 0 2 1 0  
0 .92615 0 . 0 0 2 0 8  
0 . 9 2 6 0 1  0 . 0 0 2 0 3  
0 . 9 2 5 4 2  0 . 0 0 2 0 6  
0 .92517 0 .00203 
0 . 9 2 4 1 9  0 . 0 0 2 2 1  

o. 92589 0 .00222 
0 . 9 2 3 9 5  0 . 0 0 1 6 8  
0 . 9 2 3 5 0  0 . 0 0 1 6 9  
0 . 9 2 3 6 2  0 , 0 0 1 6 5  
0 . 9 2 3 5 5  0 . 0 0 1 6 1  
0 . 9 2 3 7 2  0 . 0 0 1 6 1  
0 . 9 2 3 6 8  0 . 0 0 1 5 3  
0 . 9 2 3 6 9  0 . 0 0 1 4 8  
0 . 9 2 3 1 1  0.00162 
0 . 9 2 2 9 3  0 . 0 0 1 5 7  
0 . 9 2 2 1 9  0 . 0 0 1 6 6  

0 . 9 2 2 0 3  0 .00165  
0 . 9 2 2 1 1  0 . 0 0 1 6 1  
0 . 9 2 2 4 1  0 . 0 0 1 5 5  
0 . 9 2 2 3 0  0 . 0 0 1 5 1  
0 . 9 2 2 2 3  0 , 0 0 1 4 9  
0 . 9 2 2 2 5  0 . 0 0 1 4 5  
0 . 9 2 2 5 5  0 . 0 0 1 4 6  
0 . 9 2 2 5 3  0 . 0 0 1 4 2  

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

33853 
32387 
32986 
33513 
3 2 7 3 5  
35212 
36801 
29793 
30828 
26951 

26625 
27389 
28913 
29583 
29847 
30628 
29569 
3 0 6 0 9  

6 1  
6 2  
6 3  
64 
6 5  
66 
6 7  
6 R  

3 8 4 0  
4071 
3949 
4020 
3974 
4062 
1 0 0 7  
4 1 0 5  

1 0 . 9 1 5 1 1  
1 0 . 9 0 9 6 8  
1 0 . 9 0 9 7 6  
1 0 . 9 1 3 2 2  
1 0 . 9 2 2 8 1  
i 0 . 9 2 3 3 8  
1 0 . 9 2 9 3 1  
I 0 . 9 2 1 2 7  

0 . 9 1 2 9 7  
0 . 9 3 6 2 2  
0 . 9 4 2 4 6  
0 . 9 2 1 7 6  
0 . 9 1 4 7 9  
0 . 9 2 3 1 4  
0 . 9 4 4 2 5  
0 . 9 2 1 0 3  

0 .91974 
0 . 9 1 2 3 1  
0 . 9 0 4 0 3  
0 . 9 1 2 7 6  
0 . 9 2 6 7 9  
0.  92270 
0 . 9 3 1 6 0  
0 . 9 1 7 2 2  

0 .92342 0 , 0 0 2 1 6  
0 .92309 0 , 0 0 2 1 4  
0 . 9 2 2 7 8  0 . 0 0 2 1 1  
0 . 9 2 2 5 6  0 , 0 0 2 0 7  
0 . 9 2 2 5 7  0 . 0 0 2 0 3  
0 . 9 2 2 5 9  0.0019E 
0 . 9 2 2 7 3  0 . 0 0 1 9 4  
0 .92270 0 . 0 0 1 9 0  

0 . 9 2 1 3 7  0 , 0 0 1 8 6  
0 . 9 2 1 7 2  0 . 0 0 1 8 5  
0 . 9 2 2 2 0  0 . 0 0 1 6 7  
0 .92219 0 .00183 
0 . 9 2 2 0 3  0 ,00180 
0 . 9 2 2 0 5  0 . 0 0 1 7 6  
0 . 9 2 2 5 3  0 , 0 0 1 7 8  
0 .92249 0 , 0 0 1 7 4  

0 . 9 2 4 0 8  0 .00215 
0 . 9 2 3 8 0  0 . 0 0 2 1 2  
0 . 9 2 3 3 4  0 . 0 0 2 1 2  
0 . 9 2 3 1 0  0 .00209 
0 .92318 0 .00204 
0 .92317 0.002QO 
0 . 9 2 3 3 5  0 .00196 
0 . 9 2 3 2 2  0 , 0 0 1 9 2  

1 
0 
0 
P 



4 0 2 1  I 0 . 9 1 6 1 0  0 , 9 1 4 7 2  0 . 9 1 6 2 7  
39R2 I 0 . 8 9 3 4 5  0 . 9 2 5 0 3  0 . 8 9 7 0 2  
_____.___________-_--------------~ 

0 . 9 2 2 5 6  0 .00187 
0 . 9 2 1 9 8  0 . 0 0 1 9 2  

0 . 9 2 1 8 4  0 , 0 0 1 8 9  
0 . 9 2 1 8 1  0 , 0 0 1 8 5  
0 . 9 2 2 0 1  0 . 0 0 1 8 3  
0 . 9 2 1 9 6  0 , 0 0 1 7 9  
0 . 9 2 1 3 4  0 . 0 0 1 8 6  
0 . 9 2 1 5 1  0 . 0 0 1 8 4  
0 . 9 2 1 8 7  0 .00184 
0 . 9 2 1 6 4  0 .00182 
0 . 9 2 1 6 8  0 , 0 0 1 7 9  
0 . 9 2 1 4 0  0 , 0 0 1 7 9  

_ _ _ _ _ _ _ _ - _ _ _ _ - _ - - _ -  
0 . 9 2 2 3 4  0 . 0 0 1 7 2  
0 . 9 2 2 3 9  0 . 0 0 1 6 8  

0 . 9 2 2 4 9  0 . 0 0 1 6 5  
0 . 9 2 2 0 3  0 . 0 0 1 6 8  
0 . 9 2 1 8 6  0 , 0 0 1 6 6  
0 . 9 2 1 6 7  0 . 0 0 1 6 4  
0 . 9 2 1 7 1  0 . 0 0 1 6 1  
0 . 9 2 1 5 4  0 . 0 0 1 5 9  
0 . 9 2 1 5 0  0 . 0 0 1 5 6  
0 . 9 2 1 7 4  0 . 0 0 1 5 6  
0 . 9 2 1 5 1  0 . 0 0 1 5 5  
0 . 9 2 1 4 0  0 . 0 0 1 5 2  

0 . 9 2 1 3 6  0 . 0 0 1 5 0  
0 . 9 2 1 5 8  0 . 0 0 1 4 9  
0 . 9 2 1 7 0  0 . 0 0 1 4 7  
0 . 9 2 1 3 3  0 . 0 0 1 4 9  
0 . 9 2 1 4 5  0 . 0 0 1 4 6  
0 . 9 2 1 4 0  0 . 0 0 1 4 5  
0 . 9 2 1 3 3  0 . 0 0 1 4 3  
0 . 9 2 1 3 5  0 . 0 0 1 4 1  
0 . 9 2 1 3 8  0 . 0 0 1 3 9  
0 . 9 2 1 2 0  0 . 0 0 1 3 8  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  
0 . 9 2 3 0 8  0 . 0 0 1 8 9  I 
0 . 9 2 2 5 6  0 .00192 1 
0 . 9 2 2 4 5  0 , 0 0 1 8 9  I 
0 . 9 2 2 5 0  0 . 0 0 1 8 5  I 
0 . 9 2 2 6 8  0 . 0 0 1 8 3  I 
0 , 9 2 2 5 4  0 .00160 ] 
0 . 9 2 1 8 8  0 .00188 I 
0 . 9 2 1 9 1  0 .00185 1 
0 . 9 2 2 3 1  0 . 0 0 1 8 6  1 
0 . 9 2 2 0 2  0 . 0 0 1 8 2  1 
0 . 9 2 1 7 2  O.OD181 1 

_ _ _ _ _ _ - _ _ _ - _ _ - _ - - _ _ - -  

0 . 9 2 2 0 3  a . 0 0 1 8 5  I 

0 . 9 2 2 3 8  0 . 0 0 1 4 0  
0 . 9 2 2 1 8  0 . 0 0 1 3 9  

0 . 9 2 2 1 6  0 . 0 0 1 3 7  
0 . 9 2 1 9 9  0 , 0 0 1 3 8  
0 . 9 2 1 9 8  0 . 0 0 1 3 5  
0 . 9 2 1 8 1  0 . 0 0 1 3 3  
0 . 9 2 1 5 2  0 . 0 0 1 3 2  
0 . 9 2 1 4 9  0 , 0 0 1 2 9  
0 . 9 2 1 6 0  0 . 0 0 1 2 7  
0 . 9 2 1 6 7  0 . 0 0 1 2 5  
0 , 9 2 1 5 4  0 , 0 0 1 2 3  
0 .92136 0 . 0 0 1 2 2  

_ _ _ _ _ _ - _ _ _ _ _ _ _ - _ - - _ _  
30905 
30484 

30984 
2 9 9 5 1  
30586 
31210 
30892 
31957 
32110 
32830 
33194 
33108 

_ _ _ _ _ -  
69 
7 0  

71  
72 
7 3  
74 
7 5  
7 6  
7 7  
7 8  
79 
80  

R 1  
8 3  
e 3  
64 
8 5  
8 6  
87 
8 8  
69 
9 0  

. 9 1  
92 
33 
94 
95  
9 6  
9 7  
98 
99 

100 

101  
1 0 2  
103  
1 0 4  
1 0 5  
1 0 6  
1 0 7  
1 0 8  
1 0 9  
110 

__.__. 

_ - _  ... 

_..._. 

_-_... 

0 . 9 1 4 7 5  
0 . 9 2 0 2 8  
0 . 9 3 2 2 5  
0 . 9 1 9 2 3  
0 . 8 8 8 1 8  
0 . 9 3 0 5 5  
0 . 9 4 2 3 0  
0 . 9 0 8 7 0  
0 . 9 2 3 6 1  
0 . 9 0 5 1 1  

0 . 9 2 7 4 4  
0 . 8 9 8 5 9  
0 . 9 1 3 0 8  
0 . 9 1 1 5 6  
0 . 9 2 4 0 2  
0 . 9 1 2 1 9  
0 . 9 1 8 9 3  
0 . 9 3 5 6 3  
0 , 9 0 8 3 7  
0 . 9 1 5 0 1  

0 . 9 1 8 8 9  
0 . 9 3 4 7 3  
0 , 9 2 9 3 1  

0 , 9 2 9 1 8  
3 . 9 1 7 8 3  
0 . 9 1 6 8 5  
0 . 9 2 2 7 1  
0 . 9 2 3 1 5  
0 . 9 0 9 2 4  

. - - - - - - - - 

a .  69816 

0 . 9 1 7 1 9  
0 . 9 2 4 9 6  
0 . 9 3 1 8 9  
0 . 9 1 5 4 0  
0 . 8 8 6 3 7  
0 . 9 2 3 4 9  
0 . 9 4 4 3 2  
0 . 9 0 6 2 3  
0 . 9 2 1 5 6  
0 . 9 0 3 8 2  

0 . 8 8 8 6 0  
0 . 9 1 4 9 5  
0 . 9 2 7 8 2  
0 . 9 1 1 1 0  
0 . 8 9 9 3 9  
0 . 9 1 7 6 3  
0 . 9 2 9 7 0  
0 . 8 8 3 7 7  
0 . 9 1 2 5 9  
0 . 9 2 2 4 2  

- - - - - - - - - 

3A98 
3996 
3986 
3886 
3952 
3 8 4 9  
4140 
4012 
3945 
4065 _____- - - - - - - - - - - - -  

0 . 9 2 1 1 8  0 .00186 
0 .92107 0 . 0 0 1 8 3  
0 . 9 2 1 1 8  0 . 0 0 1 8 1  
0 .92102 0 . 0 0 1 7 9  
0 .92069 0 .00179 
0'.92065 0 . 0 0 1 7 6  
0 . 9 2 0 7 8  0 .00174 
0 . 9 2 0 2 4  0 .00180 
0 . 9 2 0 1 3  0 . 0 0 1 7 8  
0 .92016 0 .00175 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - _ _ - _ _  
I 0 . 9 2 1 1 2  0 . 0 0 1 2 2  
I 0 . 9 2 1 1 5  0 . 0 0 1 2 0  
1 0 . 9 2 1 2 4  0 . 0 0 1 1 9  
1 0 . 9 2 0 9 6  0 . 0 0 1 2 1  
I 0 . 9 2 0 9 1  0 . 0 0 1 2 0  

I 0 . 9 2 0 8 9  0 . 0 0 1 1 6  
1 0 . 9 2 0 7 1  0 . 0 0 1 1 6  
I 0 . 9 2 0 7 3  0 . 0 0 1 1 4  
I 0 . 9 2 0 6 3  0 . 0 0 1 1 3  

0 . 9 2 0 5 8  0 . 0 0 1 1 1  
0 . 9 2 0 6 1  0 . 0 0 1 1 0  
0 . 9 2 0 7 1  0 . 0 0 1 0 9  
0 . 9 2 0 7 4  0 . 0 0 1 0 8  
0 . 9 2 0 7 7  0 . 0 0 1 0 6  
0 . 9 2 0 6 8  0 . 0 0 1 0 5  
0 . 9 2 0 8 4  0 . 0 0 1 0 5  
0 . 9 2 0 7 4  0 . 0 0 1 0 5  
0 . 9 2 0 7 9  0 . 0 0 1 0 4  

1 0 . 9 2 0 a 6  o . o o i i a  

_ - _ _ - -  
32599 
32936 
33164 
31294 
31714 
3 2 2 0 1  
32770 
32283 
32954 
33124 

_________________-_. 

1 0 . 9 2 0 9 0  0 . 0 0 1 8 3  
1 0 . 9 2 0 7 1  0 . 0 0 1 8 1  
I 0 . 9 2 0 7 9  0 .00178 
1 0 . 9 2 0 5 9  0 .00176 
1 0 . 9 2 0 2 7  0 , 0 0 1 7 6  
1 0 . 9 2 0 2 4  0 , 0 0 1 7 4  
1 0 . 9 2 0 3 9  0 . 0 0 1 7 2  
[ 0 . 9 1 9 8 6  0 .00177 
I 0 . 9 1 9 8 3  0 . 0 0 1 7 5  
1 0 . 9 1 9 6 5  0 . 0 0 1 7 2  

_______--__-_--_. 

0 . 8 9 0 6 4  
0 , 9 0 9 0 7  
0 . 9 2 5 8 6  
0 , 9 0 8 0 1  
0 .  8 9 9 9 8  
0 . 9 1 8 0 6  
0 .93016  
0 . 8 8 4 8 1  
0 . 9 1 7 7 1  
0 . 9 2 0 8 0  

3903 
3907 
4145 
4003 
3964 
4049 
3989 
4 0 6 1  
3815 
4170 

3900 
4022 
3999 
4116 
4004 
3 9 9 1  
3980 
4 1 8 5  
3794 
3966 

_ _ _ - - -  
33599 
34099 
3 4 0 2 5  
34400 
34932 
34977 
34506 
3 4 4 7 5  
761137 

0 , 9 1 9 9 4  0 , 0 0 1 7 0  
0 . 9 2 0 0 5  0 , 0 0 1 6 8  
0 . 9 2 0 2 0  0 .00166 
0 . 9 2 0 2 1  O.OOl.64 
0 . 9 2 0 1 5  0 . 0 0 1 6 2  
0 . 9 1 9 9 7  0 . 0 0 1 6 1  
0 . 9 2 0 2 0  0 .00160 
0 , 9 2 0 0 5  0 . 0 0 1 5 9  
0 , 9 2 0 1 7  0 , 0 0 1 5 7  
0 . 9 2 0 1 4  0 . 0 0 1 5 5  

0 . 9 2 1 0 7  0 . 0 0 1 3 7  
0 . 9 2 1 0 6  0 . 0 0 1 3 5  
0 . 9 2 1 1 8  0 . 0 0 1 3 4  
0 . 9 2 1 2 4  0 . 0 0 1 3 2  
0 . 9 2 1 3 0  0 . 0 0 1 3 1  
0 . 9 2 1 2 6  0 . 0 0 1 2 9  
0 . 9 2 1 4 0  0 . 0 0 1 2 8  
0 . 9 2 1 3 2  0 . 0 0 1 2 6  
0 . 9 2 1 3 3  0 . 0 0 1 2 5  
0 . 9 2 1 3 5  0 . 0 0 1 2 3  

0 .92025 0 . 0 0 1 7 3  
0 . 9 2 0 3 5  0 . 0 0 1 7 1  
0 . 9 2 0 5 8  0 . 0 0 1 7 0  
0 . 9 2 0 6 1  0 . 0 0 1 6 8  
0 . 9 2 0 5 1  0 . 0 0 1 6 6  
0 . 9 2 0 3 5  0 .00164 
0 . 9 2 0 6 0  0 .00164 
0 .92047 0 , 0 0 1 6 2  
0 .92060 0 . 0 0 1 6 1  
0 . 9 2 0 5 5  0 . 0 0 1 5 9  

0 . 9 2 6 5 2  0 . 9 1 1 4 4  0 . 9 2 6 8 0  
0 . 9 2 7 7 3  0 , 9 2 0 3 6  0 . 9 2 7 3 3  
0 . 9 3 1 1 6  0 , 9 2 9 8 2  0 . 9 3 7 2 8  
0 . 9 2 0 8 2  0 . 9 1 5 5 5  0 . 9 2 2 3 5  
0 . 9 1 5 7 7  0 . 9 2 5 7 1  0 , 9 1 3 5 2  
0 . 9 0 6 2 8  0 . 9 1 8 4 6  0 . 9 0 8 5 6  
0 . 9 3 7 6 4  0 . 9 3 1 7 5  0 . 9 3 8 9 2  
0 , 9 0 8 7 3  0 , 9 1 5 2 4  0 . 9 1 0 5 5  
0 . 9 2 9 3 0  0 . 9 2 2 4 5  0 . 9 3 1 3 8  
0 . 9 1 8 3 5  0 . 9 2 2 6 3  0 . 9 1 6 2 7  

3 9 5 1  1 0 . 9 3 0 1 6  
4003 I 0 . 9 1 6 1 3  
4018 1 0 . 9 0 1 1 2  
3903 0 . 9 2 0 4 7  
4179 I 0 . 9 0 2 7 4  
3999 1 0 . 9 1 5 6 1  
4140 1 0 . 9 1 2 0 9  
4038 I 0 . 8 8 7 6 0  
3830 I 0 . 9 2 3 0 0  
4118 1 0 . 9 0 1 0 9  

3943 1 0 . 9 0 8 2 7  
4031 1 0 . 9 0 8 4 1  
4023 0 , 8 9 9 8 0  
3909 I 0 , 9 1 3 7 5  
4009 I 0 . 9 2 5 4 4  
3994 1 0 . 8 9 3 0 1  
3865 I 0 . 9 1 1 2 3  
4 0 4 1  1 0 , 9 1 1 2 6  
3899 I 0 . 9 1 2 9 8  
3982 [ 0 . 9 1 8 4 3  

0 , 9 2 0 3 7  
0 . 9 1 8 8 6  
0 , 9 1 6 2 9  
0 . 9 1 9 8 6  
0 . 9 2 9 2 8  
0 . 9 0 1 0 3  
0 . 9 1 5 4 8  
0 . 9 1 3 2 1  
0 . 9 2 5 9 2  
0 . 9 2 3 2 2  

0 . 9 1 2 8 0  
0 . 9 2 2 8 8  
0 . 9 1 3 7 4  
0 . 9 3 0 6 8  
0 . 9 1 0 4 5  
0 . 9 2 1 9 4  
0 . 9 1 7 2 9  
0 . 9 0 4 6 7  
0 . 9 1 9 2 9  
0 . 9 2 1 1 1  

- - - - - - - - - 

0 . 9 3 1 2 3  
0 . 9 1 7 2 4  
0 . 8 9 6 2 9  
0 . 9 1 7 5 5  
0 . 9 0 5 6 0  
0 . 9 1 7 1 4  
0 . 9 1 0 0 4  
0 . 8 8 9 3 6  
0 . 9 2 2 3 2  
0 . 9 0 5 2 5  

0 , 9 0 8 1 8  
0 . 9 0 6 0 8  
0 . 8 9 7 4 9  

0 . 9 2 7 1 9  
0 . 8 9 2 8 4  
0 . 9 0 8 4 3  
0 . 9 1 4 8 4  
0 . 9 1 1 8 0  
0 . 9 2 0 0 9  

. - - - - - - - - - - 

a .  90959 

0 . 9 2 0 2 2  0 .00152 0 . 9 2 1 3 0  0 . 0 0 1 2 0  
0 , 9 1 9 9 9  0 . 0 0 1 5 2  0 . 9 2 1 2 4  0 .00119 
0 . 9 1 9 9 9  0 , 0 0 1 5 0  0 . 9 2 1 1 3  0 . 0 0 1 1 8  
0 , 9 1 9 7 9  0 , 0 0 1 5 0  0 . 9 2 1 3 2  0 . 0 0 1 1 7  
0 . 9 1 9 7 4  0 . 0 0 1 4 8  0 . 9 2 1 0 9  0 . 0 0 1 1 8  
0 . 9 1 9 6 5  0 , 0 0 1 4 7  0 . 9 2 1 0 2  0 . 0 0 1 1 6  
0 . 9 1 9 2 9  0 , 0 0 1 5 0  0 . 9 2 0 9 3  0 . 0 0 1 1 5  
0 . 9 1 9 3 3  0 .00148 0 . 9 2 0 9 9  0 . 0 0 1 1 4  
0 . 9 1 9 1 3  0 . 0 0 1 4 8  0 . 9 2 1 0 1  0 . 0 0 1 1 3  

0 , 9 1 9 0 1  0 . 0 0 1 4 7  0 . 9 2 0 9 2  0 .00112  
0 . 9 1 8 8 9  0 , 0 0 1 4 5  0 . 9 2 0 9 5  0 . 0 0 1 1 1  
0 . 9 1 8 6 9  0 , 0 0 1 4 5  0 . 9 2 0 8 7  0 . 0 0 1 1 0  
0 . 9 1 8 6 4  0 , 0 0 1 4 4  0 . 9 2 0 9 7  0 . 0 0 1 0 9  
0 . 9 1 8 7 1  0 , 0 0 1 4 3  0 . 9 2 0 8 6  0 . 0 0 1 0 9  
0 . 9 1 8 4 4  0 , 0 0 1 4 4  0 . 9 2 0 8 7  0 . 0 0 1 0 8  
0 . 9 1 8 3 7  0 . 0 0 1 4 2  0 . 9 2 0 8 4  0 . 0 0 1 0 7  
0 . 9 1 8 2 9  0 . 0 0 1 4 1  0 . 9 2 0 6 7  0 . 0 0 1 0 7  
0 . 9 1 8 2 4  0 . 0 0 1 4 0  0 . 9 2 0 6 6  0 . 0 0 1 0 6  
0 . 9 1 8 2 4  0 . 0 0 1 3 8  0 . 9 2 0 6 6  0 . 0 0 1 0 5  

__-____-____________- -_ - - - - - - - - - - - - -  

0 . 9 2 0 6 4  0 , 0 0 1 5 6  
0 . 9 2 0 3 5  0 . 0 0 1 5 7  
0 . 9 2 0 3 1  0 .00155 
0 . 9 2 0 1 4  0 .00154 
0 . 9 2 0 1 1  0 .00152 
0 , 9 1 9 9 9  0 . 0 0 1 5 1  
0 . 9 1 9 6 4  0 . 0 0 1 5 3  
0 . 9 1 9 6 7  0 .00151 
0 . 9 1 9 5 1  0 . 0 0 1 5 1  

0 .91939 0 .00149 
0 .91924 0 . 0 0 1 4 8  
0 . 3 1 9 0 1  0 .00149 
0 . 9 1 8 9 1  0 .00147 
0 .91900 0 .00146 
0 . 9 1 8 7 2  0 .00147 
0 .91862 0 . 0 0 1 4 6  
0 . 9 1 8 5 8  0 .00145 
0 . 9 1 8 5 1  0 , 0 0 1 4 3  
0 .91853 0 .00142 

- _ _ _ _ _ _ - _ _ _ _ - _ - - _  

I 0 . 9 2 0 8 0  0 . 0 0 1 0 0  
1 0.92067 0 . 0 0 0 9 9  
1 0 . 9 2 0 6 8  0 . 0 0 0 9 8  
I 0 . 9 2 0 6 6  0 .00097 
I 0 . 9 2 0 4 8  0 . 0 0 0 9 7  
I 0 . 9 2 0 4 1  0 . 0 0 0 9 6  
1 0 . 9 2 0 2 5  0 . 0 0 0 9 7  
I 0 . 9 2 0 3 1  0 . 0 0 0 9 6  
I 0 . 9 2 0 2 6  0 . 0 0 0 9 6  

1 0 . 9 2 0 1 6  0 . 0 0 0 9 5  
I 0 . 9 2 0 1 4  0 . 0 0 0 9 9  
I 0 . 9 2 0 0 2  0 . 0 0 0 9 4  
1 0 . 9 2 0 0 9  0 . 0 0 0 9 3  
I 0 . 9 2 0 0 3  0 . 0 0 0 9 2  
I 0 . 9 1 9 9 7  0 , 0 0 0 9 2  
1 0 . 9 1 9 9 2  0 . 0 0 0 3 1  
I 0 . 9 1 9 7 8  0 . 0 0 0 9 1  
I 0 . 9 1 9 7 6  0 . 0 0 0 9 0  
1 0 . 9 1 9 7 6  0 . 0 0 0 8 9  
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3 5 3  83  
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3 6 4 4 1  
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- - - - - - - 
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the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0 . 9 5 0 4 9  on cycle 50 collision 0.88253 on cycle 60 
absorptlon 0.94689 on cycle 31 absorption 0 , 8 9 5 7 0  on cycle 5 8  

track length 0 . 9 5 6 4 9  on Cycle 2 6  track length 0.88377 on cycle 88 
lplot of the estimated col/absltrack-length keff one standard deviation interval versus cycle number ( 1  = final keff = 0.91976) 
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lindividual and collision/absorpcion/track-length keffs for different numbers of inactive cycles skipped for fission source settling 

skip active active average keff estimators and deviations normality average k(c/a/tl k(c/a/t) confidence intervals 
cycles cycles neutrons k(col1 st dev k(abs1 s t  dev k(trk1 st dev co/ab/tl k(c/a/t) st dev 95% confidence 99% confidence 

0 1 2 0  4789841 0 . 9 1 9 5  0 . 0 0 2 0  0 . 9 2 2 8  0 . 0 0 2 2  0 .9198 0 .0020 Ino/no/no( 0.92058 0.00197 0 . 9 1 6 6 6 - 0 . 9 2 4 5 0  0 . 9 1 5 3 8 - 0 . 9 2 5 7 8  
1 119 4749841 0.3180 0.0013 0 . 9 2 0 8  0 . 0 0 1 0  0 . 9 1 8 3  0.0014 / 9 5 / 3 3 / 9 5 1  0 . 9 1 9 8 2  0 .00088 0..91806-0.92157 0 .91743-0 .92214 
7 118 4706271 0.9178 0 . 0 0 1 3  0 . 9 2 0 5  0.0010 0 . 9 1 8 1  0.0014 ( 9 5 / 9 5 / 9 5 [  0 . 9 1 9 5 7  0.00084 0 . 9 1 7 9 1 - 0 . 9 2 1 2 9  0 .91736-0 .92179 
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12 
13 
14 
1 5  
16 
17 
1 8  
1 9  
20 

117 
116 
115 
114 
113 
112 
111 
110 

- - - - - - - - 

4672191 0.9176 0 . 0 0 1 3  
46319'11 0.9177 0.0013 
4592861 0.9179 0.0013 
4554651 0.9179 0.0013 
4513931 0.9179 0,0014 
4473371 0.9179 0,0014 
4433001 0.9182 0,0014 
4393931 0.'9180 0.0014 
_-____-__.__________--- 

0.9204 0.0010 
0.9204 0.0010 
0.9204 0.0010 
0.9204 0.0010 
0.9205 0.0010 
0.9206 0.0010 
0,9207 0.0010 
0.9206 0.0010 

7 7  
&.. 

2 3  
2 6  
28 
30 
3 2  
34 
36 
38 
40 

109 435091 
108 431162 
107 427125 
106 423108 
105 419329 
104 415302 
103 411258 
102 407349 
101 403264 
100- 399078 
_ _ _ _ _ _ - _ _ _ - _ _ _ _ _  
98 391224 
96 383320 
94 375427 
92 367397 
90 359474 
8 8  351551 
8 6  343459 
84 335415 
82 327322 
80 319244 

0.9179 0.0014 
0.9179 0.0014 
0.9177 0.0014 
0.9181 0.0014 

0.9181 0,0014 
0.9182 0,0014 
0.9183 0.0014 
0.9180 0.0014 

o.9ini 0.0014 

0.9182 o.0014 
. - .. - - - - - - - - - - - - 
0.9181 0,0014 
0.9178 0.0014 
0.9173 0.0019 
0.9169 0,0014 
0.9169 0,0014 
0.9167 0,0014 
0.9168 0,0015 
0.9169 0.0015 
0.9167 0.0015 
0.9165 0,0016 

0.9205 0.0010 
0.9205 0.0010 
0.9206 0.0010 
0.9205 0.0010 
0.9205 0.0011 
0.9203 0.0011 
0.9203 0.0011 
0.9203 0.0011 
0.9207 0.0010 
0.9207 0.0010 

0.9207 0.0011 
0.9205 0.0011 
0.9203 0.0011 
0.9203 0.0011 
0.9199 0.0011 
0.9195 0.0010 
0.9197 0.0010 
0.9196 0.0011 
0.9196 0.0011 
0.9195 0.0011 

_ _ _ _ _ _ - _ _ _ - _ _ - _  

0.9180 0.0014 (95/95/95( 0.91939 0.00083 
0.9180 0.0014 (95/95/95/ 0.91943 0.00084 
0.9182 0.0014 195/95/95] 0.91999 0.00084 
0.9182 0.0014 195/95/951 0.91948 0.00085 
0.9182 0.0014 )95/95/95) 0.91957 0.00085 
0.9183 0.0014 )95/95/951 0.91960 0.00086 
0.9185 0.0014 )95/95/951 0.91975 0.00084 
0.9103 0.0014 )95/95/951 0,91959 0.00084 

0.9182 0.0014 
0.9182 0.0014 
0.9180 0.0014 
0.9184 0.0014 
0.9184 0.0014 
0.9184 0.0014 
0.9185 0.0014 
0.9186 0.0014 
0.9183 0.0014 
0.9185 0.0014 

o.9ina 0.0014 
0.9181 0,0014 
0.9175 0.0014 
0.9171 0.0014 
0.9170 0.0014 
0.9168 0.0015 
0.9170 0.0015 
0.9171 0.0015 
0.9168 0.0015 
0.9165 0.0016 

95/95/951 0.91953 0.00084 
95/95/951 0.91951 0.00085 
95/95/95] 0.91950 0.00086 
95/95/95] 0.91956 0.00086 
95/95/951 0.91955 0.00087 
95/95/95) 0.91948 0.00087 
95/95/95) 0.91951 0.00088 
9.5/95/951 0.91953 0.00089 
95/95/95( 0.91969 0.00089 
95/95/95( 0.91976 0.00089 

95/95/95) 0.91973 0.00091 
95/95/95( 0.91950 0.00091 
95/95/95( 0.91926 0.00090 
95/95/951 0.91904 0.00090 
95/95/95) 0.91886 0.00089 
95/95/951 0.91860 0.00088 
95/95/95 0.91875 0.00089 
35/95/95) 0.91878 0.00090 
35/95/95[ 0.91868 0.00091 
35/95/95( 0.91851 0.00093 

0.91773-0.92105 
0.91775-0.92110 
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0.91790-0.92131 
0.91807-0.92143 
0.91793-0.92126 

0.91786-0.92121 
0.91782-0.92121 
0.91779-0.92122 
0.91785-0.92128 
0.91782-0.92127 
0.91774-0.92121 
0.91776-0.92126 
0.91776-0.92129 
0.91791-0.92146 
0.91798-0.92154 

0.91792-0.92155 
0.91768-0.92132 
0.91748-0.92104 
0.91725-0.92082 
0.91708-0.92063 
0.91684-0.92035 
0.91698-0.92051 
0.91699-0.92057 
0.91685-0.92050 

___._-___________ 
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0.91719-0.92187 
0.91733-0.92204 
0.91740-0.92212 

0.91732-0.92214 
0.91709-0.92191 
0,91690-0.92162 
0.91667-0.92140 
0.91651-0.92121 
0.916?720.92092 
0.91641-0.92109 
0.91641-0.92115 
0.91626-0.92109 
0.91607-0.92096 

_ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  
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54 215682 
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5 0  199567 
4 R  191673 
46 183801 
44 176000 

40 159838 
42 167848 

0.9167 0.0016 
0.9164 0,0016 
0.9159 0.0016 
0.9155 0,0016 
0.9149 0.0016 
0.9149 0.0016 
0.9146 0,0016 
0.9142 0,0016 
0.9142 0,0017 
0.9147 0,0016 

0.9147 0.0017 
0.9148 0.0017 
0.9145 0,0018 
0.9141 0.0018 
0.9145 0,0019 
0.9144 0.0019 
0.9139 0.0020 
0.9141 0,0019 
0.9135 0.0019 
0.9135 0 ,0020  

- _ - - - _ - - - _ _ _ - - _  

0.9195 0.0011 
0.9197 0.0011 
0.9196 0.0011 
0.9195 0.0011 
0.9196 0.0011 
0.9198 0.0011 
0.9197 0.0012 
0.9195 0.0012 
0.9198 0.0012 
0.9201 0.0012 

0.9199 0.0012 
0.9195 0.0012 
0.9195 0.0012 
0.9190 0 . 0 0 1 2  
0.9189 0.0012 
0.9192 0.0012 
0.9195 0.0012 
0.9195 0.0012 
0.9192 0.0012 
0.9195 0.0013 

- - - - - - - - - - - - - - 

0.9167 0.0016 
0.9164 0.0016 
0.9160 0.0016 
0.9155 0.0016 
0.9150 0.0016 
0.9151 0.0017 
0.9147 0.0017 
0.9142 0.0017 
0.9143 0.0017 
0.9148 0.0017 

- _ - - _ - - - _ _ _ - - - -  
0.9147 o.ooia 
0.9149 0.0018 
0.9146 0.0019 
0.9142 0.0019 
0.9145 0.0019 
0.9142 0.0020 
0.9138 0.0021 
0.9142 0.0020 
0.9137 0.0020 
0.9137 0.0021 

95/95/951 0.91867 0.00092 
95/95/95! 0.91867 0.00095 
95/95/951 0.91843 0.00096 
95/95/95( 0.91820 0.00097 
95/95/951 0.91804 0.00101 
95/95/951 0.91827 0.00103 
95/95/951 0.91803 0.00105 
95/95/951 0.91.766 0.00106 
95/95/95/ 0.91795 0.00104 
95/95/951 0.91812 0.00103 

95/95/951 0.91812 0.00105 
95/95/951 0.91798 0.00104 
95/95/95) 0.91790 0.00108 
95/95/95( 0.91750 0.00103 
95/95/951 0.91757 0.00106 
35/95/95( 0.91789 0.00106 
95/95/951 0.91797 0.00112 
35/95/951 0.91797 0.00118 
)5/95/951 0.91754 0.00120 
)5/95/95( 0.91787 0.00127 

. . . . . . . . . . . . . . . . . . . . . . . . . .  

0.91683-0.92051 
0.91678-0.92056 
0.91653-0.92034 
0.91626-0.92014 
0.91601-0.92007 
0.91620-0.92034 
0.91593-0.92013 
0.91554-0.91978 
0.915R7-0,92003 
0.91605-0.92019 

0.91602-0.92022 
0.91589-0.92008 
0.91573-0.92007 
0.91544-0.91956 
0.91544-0.91970 
0.91575-0.92003 
0.91570-0.92023 
0.91558-0.92036 
0.91511-0.91998 
0.91528-0.92045 

0.91623-0.92111 
0.91616-0.92118 
0.91590-0.92097 
0.91562-0.92077 
0.91535-0.92073 
0.91553-0.92102 
0.91524-0.92083 

0.91518-0.92072 
0.91537-0.92087 

0.91533-0.92092 
0.91520-0.92077 
0.91501-0.92080 
0.91475-0.92025 
0.91473-0.92041 
0.91503-0.92075 
0.91494-0.92100 
0.91477-0.92117 
0.91428-0.92081 
0.91441-0.92132 

0.91484-0.92048 

- - _ _ - - _ - - - - _ - - _ _  
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3 8  152028) 0.9142 0.0020 0,9192 0,0013 0.9144 0.0021 /95/95/951 0.93793 0.00126 0.91536-0.92050 0.91449-0.92137 
36 1438801 0.9141 0.0021 0.9195 0.0012 0.9141 0.0022')95/95/951 0.91827 0.00118 0.91586-0.92067 0.91503-0.92150 
3 4  1358671 0.9144 0.0021 0.9192 0.0012 0.9144 0.0023 195/95/951 0.91824 0.00123 0.91572-0.92076 0.91485-0.92163 
32 1278171 0.9148 0.0020 0.9192 0.0013 0.9149 0.0021 195/95/95( 0.91617 0.00131 0.91549-0.92085 0.91456-0.92178 
30 119832) 0.9145 0.0021 0.9194 0.0013 0.9147 0.0023 195/95/951 0.91832 0.00140 0.91545-0.92120 0.91444-0.92221 
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28 
26 
24 
22 
20 

18 
16 
14 
12 
10 
8 
6 
4 
3 
2 
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111910) 0.9136 0.0022 
1037951 0.9126 0.0012 
958001 0.9128 0.0024 
876351 0.9118 0.0024 
79!75( 0.9106 0.0024 

719211 0.9092 0.0024 
640001 0.9090 0.0025 
558221 0.9090 0.0028 
476441 0.9106 0.0027 
396961 0.9103 0.0029 
317221 0.9107 0 . 0 0 3 6  
237901 0.9121 0.0044 
157871 0.9135 0.0017 
11922) 0.9142 0.0022 
78811 0.9157 0.0027 

. _ _ _ _ _ _ _ _ _ - _ _ _ _ - _ _ _ _ _ 5 _ _ _ _ _ _ _  

_______._-____-____-________ 

0.9196 0.0014 
0.9190 0.0014 
0 . 9 1 8 8  0.0015 
0.9183 0.0015 
0.9179 0.0017 

0.9177 0.0018 
0.9177 0 . 0 0 2 1  
0 .9180 0.0018 
0.9187 0.0021 
0.9175 0 . 0 0 2 3  
0.9174 0,0028 
0.9158 0 . 0 0 2 8  
0.9156 0.0037 
0.9150 0.0052 
0.9202 0.0009 

_ _ _ _ _ _ - _ _ _ _ _ _ _ -  

_ _ - _ _ _ _ _ _ _ _ _ _ _ -  

0.9138 0.0023 195/95/95) 
0.9126 0.0023 195/95/95/ 
0.9127 0.0025 )95/95/951 
0.9116 0.0024 195/95/951 
U.9104 0.0025 195/95/95( 

0.9089 0.0024 )95/95/951 
0.9091 0.0025 195/95/95) 
0.9088 0.0028 195/95/95) 
0.9103 0.0028 )95/95/951 
0.9097 0.0032 195/95/951 
0.9103 0.0040 195/95/951 
0.9125 0.0048 195/95/951 
0.9138 0.0025 195/95/951 
0.9156 0.0024 I 
0.9159 0.0041 ] 

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - -  

0.91837 0.00157 
0.91763 0.00154 
0.91746 0.00162 
0.91650 0.00154 
0.91556 0.00162 

0.91514-0.92159 
0.91444-0.92081 
0.91409-0.92083 
0.91328-0.91973 
0.91214-0.91898 

0.91441 0.00176 
0.91438 0.00188 
0.91563 0.00199 
0.91586 0.00207 
0.91489 0.00198 
0.91522 0.00243 
0.91531 0.00240 
0.91027 0.00165 

0.91066-0.91816 
0.91031-0.91844 
0.91125-0.92000 
0.91118-0.92054 
0.91021-0.91957 
0.90898-0.92146 
0.90767-0.92295 
0.88935-0.93119 

0.91400-0.92273 
0,91331-0.92194 
0.91287-0.92205 
0.91210-0.92091 
0.91086-0.92026 

0.90923-0.91960 
0.90871-0.92004 
0.90945-0.92180 
0.90914-0.92258 
0.90796-0.92182 
0.90543-0.92501 
0.90129-0.92933 
0.80550-1.01504 

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _  

the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with 3 inactive cycles and 117 active cycles 

the firsc active half of the problem skips 20 cycles and uses SO active cycles; the second half skips 70 and uses 50 cycles. 
the col/absltrk-len keff, one standard deviation. end 68, 95, and 99 percent intervals for each active half of the problem are: 

problem k e f €  standard deviation 68% confidence 95% confidence 99% confidence 

first half 0.32218 0.00139 0.92078 to 0 , 9 2 3 5 8  0.31938 to 0.92499 0.91844 to 0.32593 
second h a l f  0.91757 0.00106 0.91651 to 0.31864 0.31544 to 0.91970 0.31473 to 0.92041 
final result 0.91976 0 .  oooag 0.91886 to 0.92065 0.91798 to 0.92154 0.91740 to 0.92212 

the first and second half values of klcollision/absorpCion/track length) appear to be the same at the 99 percent confidence level. 
:plot of  the estimacad col/abs/trsck-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0.91976) 

inactive active 0.91 0.92 0.93 
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1: 
2 3  
24 
2 5  
2 6  
2 7  
2 8  
2 9  
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2 warning messages so far. 

run terminated when 120 kcode cycles were done. 

computer time = 34.43 minutes 

mcnp version 4a 1 0 / 0 1 / 9 3  12/13/00 0 4 : 4 6 : 5 5  probid = 12/13/00 0 4 : 1 2 : 2 9  
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Analysis 

Assumptions 

Pu-239 inside the sphere is uniformly mixed with 0.9 g/cm3 cellulose 
The pure cellulose fills the entire space inside the container and outside the Plutonium sphere. 
The containers stand on the 3 m thick concrete floor 
B-25 box inside dimensions are 172.72 x 137.16 x 87.63 cm or 68 x 54 x 34.5 inches 
The B-25 box wall thickness is zero 
Every B-25 Box contains 200 g of Pu-239 
The B-25 boxes are arranged in the infinite square array, 4 tiers heigh (m xm x 4) 

,-' 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Attachments 1 has the drawings of the 
models used. Examples of MCNP input and output files for both cases can also be found in the Attachments. 
The plutonium spheres were located in the different positions on the box's angle bisector Attachments 1. The 
Z-coordinates for the spheres' centers were chosen so that the lst tier sphere is located at the top of the 
container and at the same time the 2nd tier sphere is located at the bottom, the 3rd tier sphere is located at the 
top and 4'h tier sphere is located at the bottom, i.e. the 1'' tier - Znd tier sphere contact, and 3rd - 4'h tier sphere 
contact. The density parametric analysis for the cellulose outside the sphere with Plutonium was performed 
for each case. 

Air, Carbon Steel, Concrete and Cellulose Composition 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element weight 
fractions for carbon steel (Harmon C. D., II et al., 1993) used in the drum walls. Table 3 shows the element 
composition of concrete (Harmon C. D., I1 et al., 1993) in the floor. 

, '  
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Element Weight Fraction 

Carbon (C) 0.000 124 

Nitrogen (N) 0.755267 

Oxygen (0) 0.23 178 1 

Argon (Ar) 0.0 12827 - 
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Element Weight Fraction 

Hydrogen (H) 

Table 3. Concrete composition 

0.0 10 

Oxygen (0) 

Sodium (Na) 

Aluminum (Al) 

Silicon (Si) 

Calcium (Ca) 

Iron (Fe) 

0.532 

0.029 

0.034 

0.337 

0.044 

0.0 14 

The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 4) and the cellulose chemical formula - C,H,,O,. 

, 
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Table 4. The atomic weights of the elements 

11 Element 
. -~ I Atomic Weight 11 

I) Carbon (C) 1 12.0107 -11 

The molecular weight of cellulose (C,H,,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an i‘h element was found as a ratio of the ith element weight in the molecule 
to the molecular weight of this molecule. 

- .  

where 
(wJCc, = the weight fraction of’ ifh element in a molecule of cellulose 
n, = the number of the ith elements in a cellulose molecule 
A ,  = the atomic weight of the ifh element, g/mol 
iWcI., = the molecular weight a cellulose molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 5. 

Table 5. Cellulose Weight Fractions 

11 Element 1 Weight Fraction 11 
(I Hydrogen (H) I 0.062 -11 
11 Carbon (C) 

~~ 

10.444 11 
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Radii of the Plutonium containing spheres. 

The spheres with several different radii were studied. The minimum size of the Plutonium containing sphere 
corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container, i.e. haif of the box height. The minimum radius equation (3) was derived from the volume of a 
sphere equation (2) 

4 n ( ~ , , ~ )  (2) 
3 VP,, = 

where: 
Rm,n = the minimum possible radius of the sphere containing Pu-239, cm 
R,,, = the radius of the metal Plutonium sphere, cm 
P',,z, = the volume of the sphere with Pu-239, cm' 
mPl, = the mass of the Plutonium sphere, g 

P / , ~ ,  = the density of the metal Plutonium, 19.78 g/cm3 

~d 

Composition of the Plutonium containing spheres 

The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of the mixture was determined using 
equation (4): 

where 
M,,,,,,/ = the total mass of th'e mixture, g 

m,,,, = the mass of Pu-239 in a sphere, g 
inLt,/ = the mass of a cellulose in a sphere. g 
V,,,,<,, = the total volume of a sphere, cm' 
VCcI = the volume of a cellulose in the sphere, cm' 

v 
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pCC,, = the density of a cellulose, 0.9 g/cm3 
J',>,, = the volume of Pu-239 in the sphere, cm' 
p,,*, = the density of the metal Plutonium, 19.78 g/cm3 
R = the radius of a Plutonium containing sphere, cm 

In the Plutonium-cellulose mixture, the weight fraction of Pu-239 was calculated using equation 5 ,  and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6) and the weight fraction of an element 
in a pure cellulose (equation 1). 

/4nR3 inD.. \I 
- 

Wcel - 

All variables in equations 5-7 are as described above. Table 6 shows the composition of the Plutonium 
containing spheres. 
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Table 6. The composition of the Plutonium containing spheres 

Res u 1 ts 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. Table 7 provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (o), and Figure 1 plots the keff +2 o values for dl studied cases. 

Table 7. The neutron multiplication fkctor (keff) values and their standard deviations (0) for 200 g Pu-239 
spheres in the B-25 box with cellulose. The spheres are located so that they touch the box wall in two 
points. The Z-coordinates spheres’ centers correspond to the location of 1’’ tier - 2nd tier sphere contact, and 
3‘d - 4‘h tier sphere contact. 

id 
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Figure 1. k,, +20 for 200 g Pu-239 spheres in the B-25 box with cellulose. The spheres are located so that 
they touch the box wall in two points. The Z-coordinates spheres' centers correspond to the location of lst 
tier - Znd tier sphere contact, and 3rd - 4'h tier sphere contact. 

I 
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3~810 
k eff, 200g Pu-239 in cellulose spheres and pure celulose 
c in the rest of B-25 box (68"x54"x34.5"). 
C 
C Cell cards 
C c _________________-__- - - - - - - -~ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ - - - - - - - - -  
1 1 -0.90 1 -2 3 -4 5 -6 8 9 10 11 imp:n=l $ TRU box with cellulose 
2 2 -2.3 1 -2 3 -4 -5 7 imp:n=l $ Concrete floor 
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 
4 3 -0.905697 -8 imp:n=l $ 1 Pu-239 and cellulose sphere 
5 3 -0.905697 -9 imp:n=l $ 2 Pu-239 and cellulose sphere 
6 3 -0.905697 -10 imp:n=l $ 3 Pu-239 and cellulose sphere 
7 3 -0.905697 -11 imp:n=l $ 4 Pu-239 and cellulose sphere c _-____________-_____-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -_- - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Surface cards c _-___-___-___-___--_-------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
'1 px 0 
'2 px 172.72 $ B-25 box length (68") 
*3 PY 0 
*4 py 137.16 $ B-25 box width (54") 
5 pz 0 
6 pz 350.52 $ 4 tiers of B-25 box height (4~34.5" or 4~87.63 cm) 
7 PZ -300 
8 s 20.0 20.0 67.63 20.0 $ 1st Pu-239 and cellulose sphere 
9 s 20.0 20.0 107.63 20.0 $ 2nd Pu-239 and cellulose sphere 
10 s 20.0 20.0 242.89 20.0 $ 3rd PE-239 and cellulose sphere 
11 s 20.0 20.0 282.89 20.0 $ 4th Pu-239 and cellulose sphere 
c ---------------------------~-----------_-------------------------------- 

c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
C 
C 
c Celulose matrix (Elements: C ,  H, 0 )  

C 

C 

ml 6000.50~ -0.444 
1001.50~ -0.062 
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-5 
c (Elements: H, 0, Na, Si, A l ,  Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0.532 
i1023.50~ -0.029 
13027.50~ -0.034 
14000.5C~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

c I'u-239 and cellulose 
m3 94239.5% -0.006590 

6000.50~ -0.441526 
1001.50~ -0.061755 
8016.50~ -0.490129 

C 
mode n 
print 40 60 80 100 110 
kcode 4000 1. 20 120 
ksrrc  20.0 20.0 67.63 

20.0 20.0 107.63 
20.0 20.0 242.89 

. 20.C 20.0 282.89 

126 
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probid = 01/15/01 07:38:39 

1 -  
2- 
3- 
4- 
5- 
6 -  
7- 
8- 
9- 
10- 
11- 
1 2 -  
13- 
14- 
15- 
16- 
17- 
18- 
19- 
2 0 -  
21- 
22- 
23- 
24- 
2 5 -  
2 6 -  
27- 
2 8 -  
29- 
30- 
31- 
32- 
33- 
3 4 -  
35- 
3 6 -  
37- 
38- 
39- 
4 0 -  
41- 
42- 
43- 
44- 
45- 
46- 
47- 
48- 
49- 
50- 
51- 
5 2 -  
53- 
54- 

k eff, 200g Pu-239 in cellulose spheres and pure celulose 
c in the rest of 6-25 box (68"x54"x34.5"). 
C 
C Cell cards 
C c .___.___________.._-____________________--------.----------------------- 

1 1 -0.90 1 -2 3 -4 5 -6 8 9 10 11 imp:n=l $ TRU box with cellulose 
2 . 2  -2.3 1 -2 3 -4 -5 7 imp:n=l $ Concrete floor 
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 
4 3 -0,905697 - 8  imp:n=l $ 1 Pu-239 and cellulose sphere 
5 3 -0.905697 -9 imp:n=l $ 2 Pu-239 and cellulose sphere 
6 3 -0.905697 -10 imp:n=l $ 3 Pu-239 and cellulose sphere 
7 3 -0.905697 -11 inp:n=l $ 4 Pu-239 and cellulose sphere 
c ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Surface cards 
c ____.___________________________________.---.--------------------------- 

"1 px 0 
' 2  px 172.72 $ B-25 box length (68") 
'3 PY 0 
' 4  py 137.16 $ B-25  box width (54") 
5 pz 0 
6 pz 350.52 $ 4 tiers of 6-25 box height (4~34.5'' or 4~87.63 cm) 
7 pz -300 
8 s 20.0 20.0 67.63 20.0 S 1st Pu-239 and cellulose sphere 
9 s 20.0 20.0 107.63 20.0 $ 2nd Pu-239 and cellulose sphere 
10 s 20.0 20.0 242.89 20.0 $ 3rd Pu-239 and cellulose sphere 
11 s 20.0 20.0 282.89 20.0 $ 4th Pu-239 and cellulose sphere c _____________..___._____________________----------~~-------------------. 

c Note: nest line must be completely blank 

c Data cards 

c Materials 

C 

C 

C 

C 

c .  
c Celulose matrix (Elements: C, H, 0) 
ml 6000.50~ -0.444 

1001.50~ - 0 . 0 6 2  
8016.50~ -0,493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0, Na, Si, Al, Ca, Fe) 
m2 1001.50~ -0,010 

8016.50~ -0.532 
11023.50~ -0,029 
13027.50~ -0.034 
14000.50~ - 0 . 3 3 7  
20000.50~ - 0 . 0 4 4  
26000.55~ -0,014 

c Pu-239 and cellulose 

I 
0 

i 
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5 5 -  m3 9423Y.55~ -0.006590 
56- 6000.50~ -0,441526 
57- 1001.50C -0,061755 
58-  8016.50~ -0.490129 
59- C 
60-  mode n 
6 1 -  print 40 60 80 100 110 126 
62- kcode 4000 1. 20 120 
63- ksrc 20.0 20.0 67.63 
6 4 -  20.0 20.0 107.63 
65- 20.0 20.0 242.89 
6 6 -  20.0 20.0 282.89 
6 7 -  

Lotal fission nubat data are being used. 
lmnterial composition 

the sum of the fractions of material 1 was 9.990000E-01 

ma t er i a  1 
number component nuclide, atom fraction 

6000, 0.28588 1001, 0.47576 
1001, 0.16803 8016, 0.56324 1 

14000, 0.20319 20000, 0.01859 2 
94239, 0.00021 6000, 0.28561 

materia 1 
number component nuclide, mass fraction 

print table 40 

016, 0.23837 
023, 0.02136 13027, 0.02134 
000. 0.00425 
001, 0.47609 8016, 0.23808 

6000, 0.44444 1001, 0.06206 8016, 0,49349 
1001, 0.01000 8016, 0,53200 11023, 0.02900 13027, 0.03400 
14000, 0.33700 20000, 0.04400 26000, 0.01400 
94239. 0.00659 6000, 0.44153 1001. 0.06176 8016, 0.49013 

warning. 1 of the materials had unnormalized fractions. 
lcells 

atom gram neutron 
cell m a t  density density volume mass pieces importance 

1 1 1 7.01524E-02 9.00000E-01 0.00000E+00 0.00000Et00 0 1.0000E+00 
2 2 2 8.17913E-02 2.3000OE+00 7.107088+06 I.63463€?+07 0 1.0000E+00 
3 3 0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0 0.0000E+00 
4 4 3 7.01981E-02 9.05697E-01 3.35103E+04 3.035028+04 1 1.0000E+00 
5 5 3 7.01981E-02 9.05697E-01 3.35103Et04 3.03502E+04 1 1.0000E+00 
6 6 3 7.01981E-02 9.05697E-01 3.35103E+04 3.035028+04 1 1.0000E+OO 
7 7 3 7.019818-02 9.05697E-01 3.35103Ec04 3.035028+04 1 1.0000E+00 

total 7.24112E+06 1.64677E107 

1 warning message so far. 
lcross-section tables 

cable length 

print table 60 

0 2  n 

print table 100 
0 
0 
P 



tables from file critxs 

1001.50~ 
6000. SOc 
8016.50~ 
11023.50~ 
13027.50~ 
14000.50~ 
20000.50~ 
26000.55~ 
94239.55~ 

1153 njoy 
16126 njoy 
23669 njoy 
36270 njoy 
22691 njoy 
48275 njoy 
26104 njoy 
84136 njoy 
67551 njoy 

total 326175 

warning. neutron energy cutoff is below some cross-section tables. 

dacimal words of dynamically allocated storage 

qencral 111050 
tallies 0 
bank 6403 
cross sections 326175 

tocal nu 

( 13011 
( 13061 

( 12761 
( 13111 
( 13131 
( 13141 
( 13201 
( 260) 

( 13991 

79/07/31. 
79/07/31. 

79/06/21. 
79/09/08. 
79/06/21. 
79/06/22. 

05/14/61 

10/21/R2 
02/21/85 

. + ~ * * * *  r t . . * t * * * ~ * * ~ . . ~ * . * ~ * * * * ~ * * . * . . * * ~ * , ~ * * ~ * . . . * * * * * * * * , ~ * * * . * * * " * * . * * * ~ ~ ~ * ~ * ~ " * * ~ ~ ~ * * * . * * * * * * * * * * * ~ ~ ~ * ~ " . " * * * . * * * *  

dump no. 1 on file 3s610r nps = 0 ' coll = 0 ctm = 0.00 nrn = 0 

source distribution written to file 35810s cycle = 0 

2 warning messages so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

k eff, 350g Pu-239 in cellulose spheres and pure celulose 

nps x 

1 2.000Ec01 
2 2.000E+01 
3 2.000E+01 
4 2.000E+01 
5 2.000E+01 
6 2.000E+01 
7 2.000E+01 
R 2.000E+Ol 
9 2.000E+01 
10 2.000E+01 
11 2.000E+01 
12 2.000E+01 
13 2.000E+01 
14 2.000E+01 

2 

6.763E+01 
6.763E+01 
6.7638+01 
6.763E+01 
6.763E+01 
6,763E+01 
6.763E+01 
6.763Ec01 
6.763E+01 
6.763E+01 
6.7633+01 
6.763E+01 
6.763E+01 
6.763E+01 

cell 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

surf u V W 

0 5.OR5E-01 
0 8.952E-01 
0 -6.184E-01 
0 9.710E-01 
0 5.R61E-01 
0 -6.489E-02 
0 -7.068E-02 
0 -3.915E-01 
0 -2.368E-01 
0 1.9463-01 
0 -6.698E-01 
0 -8.398E-01 
0 -1.714E-01 
0 -2.4893-01 

4.733E-01 7.193E-01 
-4.4473-01 -2.9443-02 
-4.495E-01 6.446E-01 
-5.6653-02 -2.323E-01 
1.496E-01 -7.963E-01 
-1.6263-01 9.84SE-01 
3.263E-02 -9.970E-01 
4.664E-01 -7.932E-01 

' 9.215E-01 -3.079E-01 
-3.204E-01 9.2718-01 
-7.177E-01 -1.905E-01 
-4.129E-01 3.524E-01 
-8.5723-01 4.8573-01 
-5.118E-01 -8.2228-01 

energy 

2.209E+00 
4.904E+00 

1.331E+00 
1.902E+00 

3.809E-01 

4.410E-01 
4.750E-01 

7.4538-02 
4.136E+00 

3.128E+00 
1.014E+00 
1.3956+00 

1.101E+00 
7.7483-01 

print table 110 

weight 

1.000E+OO 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
l.OOOE+OO 
1.000E+00 
1.000Et00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 
1.000E+00 

time 

O,000E+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0. OOOE+OO 
0.000E+00 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 

0 
P I  

(. 



15 
16 
17 
1R 
19 
70 
21 
2 2  
23 
24 
2 5  
26 
27 
28 
29 
30 
31 
32 
33 
34 
3s 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

lest ims t 

2.000E+01 
2.OOOE+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 

2.000E+Ol 
2.000E+01 

. 2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+Ol 
2.00OE+Ol 
2,00OE+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2 .  OOOEtOl 
2.000E+01 
2. OOOEtOl 

:ed k P f f  res 

2.000~+01 

2.000E+01 
2.000E+01 
2. OOOE+Ol 
2.000E+01 
2.000Et01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2,00OE+01 
2.000Et01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2. OOOE+Ol 
2.000Ei01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+OI 
2.000E+01 
2.000E+01 
2.000E+01 
2 .  OOOEcOl 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 

ults by cyc 

6.763E+01 
6.763E+01 
6.763E+01 
6.7 63E+ 0 1 
6.763E+01 
6.763E+01 
6.763E+01 
6.763E+01 
6.763E+01 
6.7638+01 
6.763E+01 
6,763E+01 
6.763E+Ol 
6.763E+01 
6.763E+01 
6.7638+01 
6.7638+01 
6.7638+01 
6.763Et01 
6.763E+01 
6.763E+01 
6,763E+01 
6,763E+01 
6.763E+Ol 
6.763E+01 
6.7633+01 
6.763E+01 
6.763E+01 
6.763Ei01 
6.763E+01 
6.763E+01 
6.763E+01 
6.'7633+01 
6.763E+01 
6.763E+01 
6.763Et01 

le 

source distribution written to file 3sRlOs 

source distribution written to file 3~810s 

source distrib:tion written to file 3~810s 

source distribution written to file 35810s 

source distribution written to file 35810s 

sourcs distribution written to file 35810s 

source distribution wkitten to f i l e  3~810s 

source distribution written to file 3~810s 

source distribution written to file 3~810s 

4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 
4 

0 -2.9538-01 2.119E-01 9.314E-01 
0 1.3958-01 -3.8298-01 1.202E-01 
0 6.909E-01 -7.110E-01 1.307E-01 
0 -6.580E-01 5.3208-01 -5.329E-01 
0 -9.903E-01 -1.380E-01 1.353E-02 
0 7.462E-01 4.859E-01 -4.551E-01 
0 -1.977E-01 9.797E-01 3.360E-02 
0 -9.117E-01 -3.647E-01 -1.891E-01 
0 -4.287E-01 8.3618-01 -3.423E-01 
0 1.OROE-01 3.412E-01 -9.338E-01 
0 -9.111E-01 -9.012E-03 -4.1223-01 
0 -2.568E-01 -6.3913-01 -7.249E-01 

0 1.4721-01 -9.514E-01 2.705E-01 
0 -6.135E-01 -7.6453-01 -1.978E-01 
0 -5.702E-01 5.651E-01 -5.963E-01 
0 -6.6076-01 5.3738-01 -5.242E-01 
0 -9.742E-02 -3.639E-01 -9.2638-01 
0 -1,9653-01 -3.1458-01 -3.2878-01 
0 4.097E-01 8.465E-01 -3.3998-01 
0 -4.048E-02 R.831E-01 4.6758-01 
0 3.371E-01 -9.2698-01 -1.6523-01 
0 -1.867E-01 9.7563-01 -1.1S5E-01 
0 -2.616E-01 2.336E-01 -9.365E-01 
0 9.7808-01 -7.641E-02 -1.939E-01 
0 2.5ROE-01 -7.076E-01 6.5788-01 
0 -3,2123-01 -7.678E-01 -5.543E-01 
0 5.0338-01 -1.460E-01 8.513E-01 
0 6.080E-01 5.487E-01 S.738E-01 
0 -2.932E-01 9.304E-01 -2.199E-01 
0 -8.475E-01 -3.9933-01 -3.497E-01 
0 1.200E-01 -9.195E-01 -3.743E-01 
0 7.085E-01 5.879E-01 3.904E-01 
0 4.2613-01. 9.046E-01 9.254E-03 
0 5.431E-01 4.270E-01 -7.2308-01 
0 -1.053E-01 -9.805E-01 1.658E-01 

o -2.912~-01 ~ . o s ~ E - o ~  5.113~-01 

cycle = 20 

cycle = 23 

cycle = 26 

cycle = 29 

cycle = 32 

cycle = 35 

cycle = 38 

cycle = 41 

cycle = 44 

1.951E+00 
2.186E+00 
1.865E+00 
1.229E+00 
1.305E+00 
l.OOOE+OO 
3,99OE+00 
2.665E-01 
1.156E+00 
2.669E+00 
2.185E+00 
4.225E+OO 
1.079E+00 
3.461$+00 
1.836E+OO 
4.556E-01 
6.415E-01 
2.7646+00 
2.785E-01 
9.097E-01 
3.360E-01 
6.376E-01 
2.186Ec00 
7.3148-01 
2.997E-01 
1.444E+00 
1.914E+00 
1.502E+00 
5.971E+00 
l,827E+00 
1.928E+00 
1.351Ec00 
2.288E+00 
l,230E+00 
1.4338+00 
6,572E-01 

1.000Et00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
1.000E+00 
1.000E+00 
l.OOOE+OO 
1 .OOOE+OO 
1.000E+O0 
1.000E+00 
1.000E+00 
l,000E+00 
l,000E+00 
1.000E+00 
1 ,  OOOEtOO 
1.000E+OO 
1. OOOEtOO 
1.000E+00 
l.OOOE+OO 
l,000E+00 
1.000E+00 
l.OOOE+OO 
l,000E+00 
1.000E+00 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
l.OOOE+OO 
1. OOOEcOO 
1.000E+00 

print 

0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0. OOOE+OO 
0. OOOE+OO 
O.OOOE+OO 
0. OOOEtOO 
O.OOOE+OO 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OU 
O.OOOE+OO 
0.000E+00 
0.000E+00 
0.000E+00 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
0.000E+00 
0 .  OOOE+OO 
O.OOOE+OO 
0. OOOEtOO 
O.OOOE+OO 
0.000E+00 
0. OOOEtOO 
0.000Ec00 
O.OOOE+OO 
O.OOOE+OO 
0.000E+00 
O.OOOE+OO 
O.OOOE+OO 
table 175 

~ . . ~ ~ . ~ . ~ . . ~ ~ . . * . " . . . ~ " " ~ ~ . . . t ~ . . ~ . . * * " . . * * ~ ~ . . ~ ~ ~ " . ~ * ~ . ~ ~ ~ ~ * . * ~ . * . ~ " ~ ~ . * ~ ~ * ~ . . . * . ~ ~ * . . ~ ~ * " ~ * ~ " " ~ * ~ ~ ~ ~ . ~ . * . . . ~ ~ * ~ . ~ * * ~ ~  

nps = 178779 coll = 28783745 ctm = 15.25 nrn = 508076271 dump no. 2 on file 3s810r 

I 
0 2  

0 cn 
m 

I 
0 
0 
CL 



source distribution written t o  file 3~810s cycle = 47 

source distribution written to file 3~810s cycle = 50 

source distribution written to file 3~810s cycle = 53 

source distribution written to file 3~810s cycle = 56 

source distribution written to file 3~810s cycle = 59 

source distribution written to file 3sBlOs cycle = 62 

source distribution written to file 3~810s cycle = 65 

source distribution written to file 3~810s cycle = 68 

source distribution written to file 3~810s cycle = 71 

source distribution written to file 3~810s cycle = 74 

source distribution written to file 3~810s cycle = 77 

source distribution written to file 3~810s cycle = 80 

source distribution written to file 3~810s cycle = 83 

source distribution written to file 3~810s cycle = 86 

source distribution written to file 3~810s cycle = 89 

t * * l t t . ~ * * * * * * * * * t * * . . * ~ . , * * ~ * . * ~ ~ ~ * , ~ * * * " ~ * , ~ * * * * ~ . * ~ , * . ~ * * + * * ~ ~ , , * * ~ * * * * * * * * . * * * * * * * * * . ~ * ~ , , * * * * ~ * ~ ~ * * ~ ~ ~ * ~ ~ ~ ~ . ~ * * , * *  

dump no .  3 on file 3s810r nps = 354525 

sourcs distribution written to file 3~810s 

source distribution written to file 3~810s 

source distribution written to file 3 ~ 8 1 0 s  

estimator cycle 100 ave of 80 cycles 
k(co1lision) ' 0.716838 0.718757 0,0019 
k(absorption1 0.715541 0.718530 0.0018 
kltrk length) 0.715640 0.718358 0.0019 
rem life(co1) 2.6750E+04 2.6112E+04 0.0023 
rem life(abs) 2.6603E+04 2.61218+04 0.0020 
source points generated 3959 

source distribution written to file 3sRlOs 

source distribution written to file 3~810s 

source distribution written to file 3~810s 

source distribution written to file 3~810s 

COll = 57198312 ctn = 30.31 nrn = 1009626300 

cycle = 92 

cycle = 95 

cycle = 98 

combination simple average combined average corr 
k I col/ abs) 0.718643 0.0013 0.718639 0.0014 0.0714 
k(abs/tk In) 0.718444 0.0014 0.716447 0.0014 0.0711 
k(tk ln/col) 0.718558 0.0019 0,718611 0,0019 0.9865 
k(col/abs/tk In) 0.718546 0.0014 0.718566 0.0014 
life(col/abs) 2.6116E+04 0.002.1 2.61258+04 0.0020 0.9461 

cycle = 101 

cycle = 104 

cycle = 107 

cycle = 110 



z 
source distribution written to file 3~810s cycle = 113 

estimator cycle 116 ave of 96 cycles combination simple average 
k(collision1 0.712301 0.718574 0.0017 . kfcol/absl 0.718308 0.0012 
kfabsorption) 0,716014 0.718041 0.0016 k(abs/tk In)' 0.718086 0.0012 
k(trk length) 0.710001 0.718131 0.0017 kftk ln/coll 0.718353 0.0017 
rem life(co1) 2.6249E+04 2.61178+04 0,0020 klcol/abs/tk In) 0.718249 0.0013 
rem life(abs) 2,6170&+04 2.61158+04 0.0019 lifelcol/abs) 2.61168+04 0.0019 
source points generated 3996 

source distribution written .to file 35810s cycle = 116 

estimaqor cycle 117 ave of 97 cycles combination simple average 
k(co1lision) 0,696806 0.718350 0.0017 k(col/absl 0.718108 0.0012 
k(absorpti0n) 0,701116 0.717866 0.0016 k(abs/tk 11-11 0.717903 0.0012 
kltrk length) 0,699502 0.717939 0.0017 k(tk ln/col) 0.718145 0,0017 
rem life(co1) 2.6182E+04 2.6118Ec04 0,0020 k(col/abs/tk In) 0.718052 0.0013 
rem life(abs) 2.6161Et04 2.6116E+04 0.0018 life(col/absl 2.6117E+04 0.0019 
source points generated 3925 

estimator cycle 118 ave of 98 cycles combination simple average 
k (collision 0.725436 0.718422 0.0017 k(col/abs) 0.718171 0.0012 
klabsorption) 0,723155 0.717920 0.0016 k(abs/tk In) 0.717963 0.0012 
k(trk length) 0.724521 0.718006 0,0017 . kftk ln/col) 0.718214 0,0017 
rem life(co1) 2.5757Et04 2.61143+04 0,0020 k(col/abs/tk In) 0.718116 0.0013 
rem life(abs1 2.5659E+04 2.61118+04 0.0018 life(col/absl 2.6113E+04 0.0019 
source points generated 4154 

estimator cycle 119 ave of 99 cycles combination simple average 
k(co1lision) 0.718419 0.718422 0.0017 k(col/abs) 0.718226 0.0012 
k(absorption1 0.728673 0.718029 0.0016 k(abs/tk In) 0.718011 0.0012 
k(trk lengthl 0.716764 0.717994 0.0017 kltk ln/coll 0.718208 0.0017 
rem life(co1) 2.67168+04 2.61203+04 0.0020 k(col/abs/tk In) 0.718148 0.0013 
rem life(abs1 2.6942E+04 2.61208+04 0.0018 life(col/absl 2.6120E+04 0.0019 
source p o i n t s  generated 3985 

source distribution written to file 3~810s cycle = 119 

estimator cycle 120 ave of 100 cycles combination simple average 
k~collisionl 0.710737 0.718345 0.0017 k(col/absl 0.718213 0.0012 
k(absorption) 0,723193 0.718081 0.0016 k(abs/tk In1 0,718005 0.0012 
k(trk length) 0.711560 0.717929 0.0017 k(tk ln/colI 0.718137 0.0017 
rem life(col1 . 2.6234E+04 2.6121Ec04 0.0020 k(coliabs/tk In) 0.718119 0,0013 
rem life(abs1 . 2.6305E+04 2.6121Et04 0.0018 life(col/absl 2.6121E+04 0.0019 
source points generated 3979 

source distribution written to file 3 ~ 8 1 0 s  cycle = 120 
lproblem summary 

combined average 
0.718293 0.0012 
0.718083 0.0012 
0.718482 0.0017 
0.718111 0.0012 

2.6115E+04 0.0019 

combined average 
.0.718093 0.0012 
'0.717900 0.0012 
0.718201 0.0017 
0.717870 0.0013 

2.61153+04 0.0018 

combined average 
0.718155 0.0012 
0.717960 0.0012 
0.718268 0.0017 
0.717927 0.0013 

2.61106+04 0,0018 

combined average 
0.718214 0.0012 
0.718012 0.0012 
0.718264 0.0017 
0.717973 0.0012 

2.61198+04 0.0018 

combined average 
0.718205 0.0012 
0.718010 0.0012 
0.718183 0.0017 
0.717972 0.0012 

2.6121E+04 0.0018 

corr 
0.0747 
0.0555 
0.9848 

0.9478 

corr 
0.1000 
n. 0775 
0.9849 

0.9478 

corr 
0.1025 
0.0799 
0.9849 

0.9478 

corr 
0.1021 
0.0786 
0.9849 

0.9472 

corr 
0.0988 
0.0759 
0.9849 

0.9471 

run terminated when 

k eff. 3509 Pu-239 in cellulose spheres and pure celulose 

120 kcode cycles were done. 

0 
neutron creation tracks weight energy neutron loss 

(per source part iclel 

soul-ce 478047 1.0041E+00 2.1147E+00 escape 
energy cutoff 

01/15/01 08:19:35 
probid = 01/15/01 07:38:39 

tracks weight energy 
(per source particle1 

234 2.66108-04 2.1808E-04 
0 0. 0. 

1 
02 
0 
cn 
M 

1 
0 
0 



weight window 
cell importance 
weight cutoff 
energy importance 
dx t ran 
forced collisions 
exp. transform 
upscattering 

(n.xn1 
fission 

tota,l 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

478047 

0 .  
0 .  
1 . 1 2 4 7 E - 0 1  
0 .  
0 .  
0 .  
0. 
0. 

0 .  
0 .  
1 . 1 1 6 6 E + 0 0  

0 .  
0 .  
1 . 7 4 1 1 E - 0 8  
0 .  
0 .  
0 .  
0 .  
8 .5366E-07 

0 .  
0 .  
2 . 1 1 4 7 E + 0 0  

time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
downscattering 
capture 
loss to (n.xn1 
loss to fission 

total 

0 
0 
0 

477813 
0 
0 
0 
0 
0 
0 
0 
0 

478047 

0 .  
0 .  
0 .  
1 . 1 3 4 5 8 - 0 1  
0 .  
0 .  
0 .  
0 .  
0 .  
7 .5274E-01 
0 .  
2 .5010E-01 
1 . 1 1 6 6 E + 0 0  

0. 
0 .  
0 .  
1 . 7 0 3 7 E - 0 8  
0 .  
0 .  
0 .  
0 .  
2 . 0 9 4 1 3 + 0 0  
1 .9749E-02 
0 .  
6 . 1 1 8 4 3 - 0 4  
2 . 1 1 4 7 E + 0 0  

number of neutrons banked 0 average lifetime, shakes cutoffs 
neutron tracks per source particle 1 . 0 0 0 0 E + 0 0  escape 4.0010E+04 tco 1 . 0 0 0 0 E c 3 4  
neutron collisions per source particle 1 . 6 1 5 4 E + 0 2  capture 2 . 6 0 9 9 E + 0 4  eco 0. OOOOEtOO 
total neutron collisions 77225971 capture or escape 2 . 6 1 0 3 8 + 0 4  wcl - 5 . 0 0 0 0 E - 0 1  
net multiplication 1 . 0 0 0 0 E + 0 0  0.0001 any termination 3 . 1 2 1 3 E + 0 4  wc2 -2 .5000E-01 

computer time so far in this run 4 0 . 9 3  minutes 
computer time in mcrun 4 0 . 9 2  minutes 
source particles per minute 1 . 1 6 8 2 B i 0 4  
random numbers generated 1363119709 

range of sampled source weights = 9 . 0 2 9 3 E - 0 1  to 1 . 2 0 5 5 8 + 0 0  
lneutron activity in each cell 

maximum number ever in bank 0 
bank overflows to backup file 0 
field length 0 
most random numbers used was 27944 in history 214537 

print table 1 2 6  

tracks population < 
cell entering 

1 1 1 0 8 8 1 4 1  3 8 4 7 6 8  
2 2  615 2 62 
4 4  377041 1 4 7 2 1 7  
5 5  374802 1 4 6 5 9 6  
6 6 318278 1 2 4 1 2 0  
7 7 318622 1 2 3 6 7 8  

:ollisions collisions 
* weight 

(per history) 

51062368 5 . 7 4 1 4 E + 0 1  
1 6 7 4 1  1 . 5 3 0 0 E - 0 2  

7100982 1 . 0 4 3 5 3 + 0 1  
7 0 7 9 4 8 1  1 . 0 3 9 8 E + 0 1  
5989953 8 . 8 0 4 0 E + 0 0  
5976446 8 . 7 7 2 7 E + 0 0  

number 
weighted 
energy 

3.R826E-05 
3 .1932E-05 
1 .3764E-04 
1 . 3 6 8 3 1 - 0 4  
1 .3767E-04 
1.373OE-04 

total 2477499 9 2 6 6 4 1  77225971 9 . 5 8 3 8 E + 0 1  
lkeff results for: k eff, 3 5 0 9  P u - 2 3 9  in cellulose spheres and pure celulose 

flux 
weighted 
energy 

2 . 2 3 8 2 8 - 0 1  
1 . 9 7 1 2 E - 0 1  . 
5 . 0 8 0 5 3 - 0 1  
5 . 0 4 0 4 E - 0 1  
5 . 0 7 8 1 E - 0 1  
5 .07313-01  

average 
track weight 
(relative) 

5.7502E-01 
4 .6079E-01 
7 .7192E-01 
7 .7143E-01 
7 .7207E-01 
7 .7145E-01 

average 
track mfp 

(cm) 

1 . 4 7 6 9 E t 0 0  
2 . 0 3 9 3 E t 0 0  
2 . 1 6 9 3 8 + 0 0  
2 . 1 6 4 8 E c 0 0  
2 . 1 6 9 2 E + 0 0  
2 . 1 6 7 5 E + 0 0  

probid = 0 1 / 1 5 / 0 1  0 7 : 3 8 : 3 9  

the initial fis'sion neutron source distribution used the 
the criticality problem was scheduled to skip 4000 neutrons per cycle. 
this problem has run 2 0  inactive cycles with 78720 neutron histories and 1 0 0  active cycles with 399327 neutron histories. 

4 source points that were input on the ksrc card. 
20 cycles and run a total of 1 2 0  cycles with nominally 

this calculation has completed the requested number of keff cycles using a total of 
all cells with fissioqable material were sampled and had fission neutron source points. 

478047 fission neutron source histories 

the results of the w test for normality applied t o  the individual collision, absorption, and track-length keff cycle Values are: 

the k( collision1 cycle values appear normally distributed at the 95 percent confidence level 
the k(absorption) cycle values appear normally distributed at the 9 5  percent confidence level 
the k(trk length) cycle values appear normally distributed at the 9 5  percent confidence level 0 

0 1  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
I I 

I 
I 

I 

I the final estimated combined collision/absorption/track-length keff = 0 . 7 1 7 9 7  with an estimated standard deviation of 0 . 0 0 0 8 8  

1 the estimated 6 8 ,  9 5 ,  & 9 9  percent keff confidence intervals are 0 , 7 1 7 0 9  to 0 , 7 1 8 8 5 ,  0 . 7 1 6 2 2  to 0 . 7 1 9 7 3 ,  and 0.71564 to 0 . 7 2 0 3 0  

I the estimated collision/absorption neutron removal lifetime = 2.61E-04 seconds with an estimated standard deviation of 4.76E-07 

1 I 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

the esti,mated"average keffs, one standard deviations, and 6 8 ,  9 5 ,  and 99 percent confidence intervals are: 

kef f estimator keff standard deviation 68% confidence 95% confidence 9 9 %  confidence corr 

collision 0 . 7 1 8 3 5  0 . 0 0 1 2 0  0 , 7 1 7 1 5  to 0 . 7 1 9 5 4  0 , 7 1 5 9 6  to 0 . 7 2 0 7 3  0 . 7 1 5 1 8  to 0 . 7 2 1 5 1  
absorption 0 . 7 1 8 0 8  0 . 0 0 1 1 3  0 . 7 1 6 9 5  to 0 , 7 1 9 2 2  0 , 7 1 5 8 2  to 0 . 7 2 0 3 4  0 . 7 1 5 0 8  to 0 . 7 2 1 0 8  

track length 0 . 7 1 7 9 3  0 . 0 0 1 2 0  0 .71673 to 0 . 7 1 9 1 3  0 , 7 1 5 5 4  to 0 . 7 2 0 3 2  0 . 7 1 4 7 6  to 0 , 7 2 1 1 0  
collabsorp 0 . 7 1 8 2 1  0 . 0 0 0 8 7  0 . 7 1 7 3 4  to 0 . 7 1 3 0 7  0 , 7 1 6 4 8  to 0 . 7 1 3 9 3  0 , 7 1 5 9 1  to 0 . 7 2 0 5 0  0 . 0 9 8 8  
abs/trk len 0 . 7 1 8 0 1  0 . 0 0 0 8 6  0 , 7 1 7 1 5  to 0 . 7 1 8 8 7  0 , 7 1 6 3 0  to 0 . 7 1 9 7 2  0 , 7 1 5 7 4  to 0 , 7 2 0 2 8  0 . 0 7 5 9  
col/trk l e n  0 . 7 1 8 1 8  0 . 0 0 1 2 2  0 . 7 1 6 9 6  to 0 , 7 1 9 4 1  0 , 7 1 5 7 4  to 0 . 7 2 0 6 2  0 . 7 1 4 9 5  to 0 . 7 2 1 4 2  0 . 9 8 4 9  

col/abs/trk len 0 . 7 1 7 9 7  0 . 0 0 0 8 8  0 .71709 to 0 . 7 1 8 8 5  0 . 7 1 6 2 2  to 0.71973 0 . 7 1 5 6 4  to 0 . 7 2 0 3 0  

if the largest of each keff occurred on the next cycle, the keff results and 6 8 ,  9 5 ,  and 99 percent confidence intervals would be: 

keff estimator keff standard deviation 68% confidence 

collision 0 , 7 1 8 6 9  0 . 0 0 1 2 3  0 . 7 1 7 4 6  to 0 . 7 1 9 9 3  
absorption 0 . 7 1 8 3 4  0 . 0 0 1 1 5  , 0 . 7 1 7 1 9  to 0 . 7 1 9 5 0  

track length 0 . 7 1 8 3 0  0 . 0 0 1 2 4  0 . 7 1 7 0 5  to 0 . 7 1 9 5 4  
col/abs/trk len 0 , 7 1 8 3 4  0 . 0 0 0 9 3  0 . 7 1 7 4 1  to 0 . 7 1 9 2 6  

the estimated collision/absorption neutron lifetimes, one standard deviations, 

type lifetime(sec) standard deviation 68% confidence 

removal 2.61213-04  4 .7604E-07 2.6074E-04 to 2.6169E-04 
capture 2.6139E-04 3 .8444E-07 2 .6101E-04 to 2.6177E-04 
fission 1.8681E-04 3 . 2 1 9 6 3 - 0 7  1 . 8 6 4 9 E - 0 4  to 1.8713E-04 
escape 4 . 5 3 9 0 3 - 0 4  4 .5224E-05 4 .0863B-04 to 4.9917E-04 

laverage indivichal and combined collision/absorpeion/track-length kef f results 

cycles per number of average keff estimators and deviations norma 1 it y 
keff batch k batches k(co1) st dev k(abs1 st dav k(trk) st dev co/ab/trk 

1 
2 
4 
5 

I O  
2 0  
25 

lindividual 

1 0 0  1 0 . 7 1 8 3  0 . 0 0 1 2  0 . 7 1 8 1  0 . 0 0 1 1  0 . 7 1 7 9  0 . 0 0 1 2  1 9 5 / 9 5 / 9 5 1  
5 0  1 .  0 . 7 1 8 3  0 . 0 0 1 1  0 . 7 1 8 1  0 . 0 0 1 1  0 . 7 1 7 9  0 . 0 0 1 1  1 9 5 / 9 5 / 9 5 1  
2 5  I 0 . 7 1 8 3  0 . 0 0 1 2  0 . 7 1 8 1  0 . 0 0 1 0  0 . 7 1 7 9  0 . 0 0 1 1  1 9 5 / 9 5 / 9 5 1  
2 0  1 0 . 7 1 8 3  0 . 0 0 1 3  0 . 7 1 8 1  0.0011 0 . 7 1 7 9  0 . 0 0 1 3  1 9 5 / 9 5 / 9 9  
i o  I 0 . 7 1 8 3  0 . 0 0 1 6  0 . 7 1 8 1  0.0008 0 . 7 1 7 9  0.00i5 ( 9 5 / 9 5 / 9 5 ]  

5 I 0 . 7 1 8 3  0 . 0 0 1 2  0 . 7 1 8 1  0 . 0 0 0 5  0 . 7 1 7 9  0.0011 1 9 5 / 9 5 / 9 5 1  
4 1 0 . 7 1 8 3  0 . 0 0 2 2  0 . 7 1 8 1  0 . 0 0 1 2  0 . 7 1 7 9  0 . 0 0 2 1  ) 9 5 / 9 5 / 9 5 )  

and average keff estimator results by cycle 

35% confidence 99% confidence 

0 . 7 1 6 2 3  to 0 . 7 2 1 1 5  0 . 7 1 5 4 3  to 0 , 7 2 1 9 5  
0 . 7 1 6 0 5  to 0 . 7 2 0 6 4  0 , 7 1 5 3 0  to 0 . 7 2 1 3 9  
0 . 7 1 5 8 2  to 0.72077 0 . 7 1 5 0 1  to 0 . 7 2 1 5 8  
0 . 7 1 6 4 9  to 0 . 7 2 0 1 8  0 . 7 1 5 8 8  to 0 . 7 2 0 7 9  

and 68, 95, and 99 percent confidence intervals are: 

95% confidence 99% confidence 

2.60273-04  to 2 . 6 2 1 6 3 - 0 4  2.5996E-04 to 2.6247E-04 
2.6062E-04 to 2.6216E-04 2 .60373-04  to 2.6241E-04 
1 .8617E-04 to 1.8745E-04 1 .8596E-04 to 1.8766E-04 
3.6382E-04 to 5.4399E-04 3 . 3 4 4 2 8 - 0 4  to 5.7338E-04 
for 7 different batch sizes 

average k(c/a/t) klc/a/t) confidence intervals 
k(cla/t) st dev 95% confidence 99% confidence 

0 . 7 1 7 9 7  0 . 0 0 0 8 8  0 . 7 1 6 2 2 - 0 . 7 1 9 7 3  0 . 7 1 5 6 4 - 0 . 7 2 0 3 0  
0 . 7 1 8 0 7  0 , 0 0 0 7 7  0 . 7 1 6 5 3 - 0 . 7 1 9 6 1  0 . 7 1 6 0 1 - 0 . 7 2 0 1 3  
0 . 7 1 7 9 1  0 . 0 0 0 6 5  0 , 7 1 6 5 6 - 0 . 7 1 9 2 6  0 . 7 1 6 0 7 - 0 . 7 1 9 7 4  
0 . 7 1 8 1 3  0 . 0 0 0 9 1  0 . 7 1 6 2 0 - 0 . 7 2 0 0 5  0 . 7 1 5 4 8 - 0 . 7 2 0 7 7  
0 . 7 1 8 0 5  0 . 0 0 1 1 6  0 .71530-0 .72080 0 . 7 1 3 9 3 - 0 . 7 2 2 1 1  
0 . 7 1 8 6 4  0 .00134 0 . 7 1 2 8 6 - 0 . 7 2 4 4 2  0 , 7 0 5 3 2 - 0 . 7 3 1 9 6  
0 . 7 2 0 3 8  0 . 0 0 4 6 4  0 , 6 6 1 4 7 - 0 . 7 7 9 3 0  0 . 4 2 5 2 8 - 1 . 0 1 5 4 9  

o z  
0 
v, 
m 

I 
0 
0 
c-r keff neutron keff estimators by cycle average keff estimators and deviations average k(c/a/t) 



ktcoll) klabs) k(track) k(col1) st dev k(abs) st dev k(track1 st dev k(c/a/t) st dev f om 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

11 
12 . 
13 
14 
15 
16 
17 
18 
19 
20 

21 
22 
23 
24 
25 
2 6  
27 
28 
29 
30 

- - - - - - - - - - 

_ - _ _ _ - _ _ _ -  

cycle histories 

.- 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

- - _ _ _ _ _ - - -  

4000 
3520 
3318 
3854 
4015 
4103 
3980 
3982 
3902 
4019 

4174 
3905 
3888 
4097 
4035 
3861 
4031 
3843 
4057 
4136 

- - - - - - - 

0.88597 
0.72690 
0.70367 
0.70165 
0.73528 
0.71715 
0.72361 
0.70175 
0.70528 
0.72759 

0,72250 
0.71995 
0.71545 
0.72385 
0.72159 
0.72450 
0.70078 
0.70847 
0.71916 
0.70399 

. - - - - - - - 

0.90462 0.88691 
0.74409 0.73017 
0.72508 0,70187 
0.72466 0.70009 
0.71760 0.73439 
0.72636 0,71591 
0.72411 0.72702 
0.74081 0.70292 
,0.71491 0,70436 
0.71572 0,72611 

0.73788 0,72278 
0.73196 0,71832 
0.70384 0.71494 

0.70958 0.72246 
0.71910 0.72678 
0.71131 0.70264 
0.70488 0,70959 
0.73177 0,71824 
0.72183 0.70424 

_-_______--________. 

0.73247 0.72278 

- - - - - - - - besin active keff cycles 
3892 I 0.72236 
4078 1 0.70508 
3814 1 0.71647 
3975 1 0.72016 
3985 I 0.71159 
3964 I 0.70302 
3958 I 0.73373 
4210 I 0.70688 
3928 I 0.72274 
4104 1 0.73378 
3943 I 0.71801 
3905 I 0.71869 
4109 I 0.71316 
3872 1 0.70557 
3990 1 0.72728 
4063 I 0.70580 
3911 I 0.70360 
3930 I 0.71640 
4 1 6 6  I 0.73442 
4252 I 0.69679 
3750 I 0.70663 
4139 I 0.70295 
3953 I 0.70440 
3933 I 0.71984 
4235 I 0.'71807 
3949 0.71674 
3889 I 0.72417 

_ _ _ _ - - - _ - _ _ _ _ - _ - _  

0.71365 
0.72453 
0.72567 
0.72509 
0.73425 
0.73249 
0.71093 
0.72831 
0.71036 
0.71042 

0.69630 
0.72700 
0.71814 
0.69534 
0.73045 
0.72051 
0.72701 
0.72124 
0,71692 
0.71317 

0.73478 
0.73711 
0.73888 
0.70292 
0.72529 
0.71894 
0.71121 

. - - - - - - - - - . 

- - - - - - - - - . 

0.?2467 
0.70450 
0.71645 
0.71961 
0.71332 
0.70312 
0.73531 
0.70836 
0.72691 
0.73360 

0.71804 
0.71653 
0.71010 
0.70267 
0.72773 
0.70663 
0.70441 
0.71696 
0.73350 
0.69776 

0.70726 
0,70117 
0.70612 
0.71758 
0.71976 
0.71273 
0.72301 

. - - - - - - - - 

I 1 0.71372 0.00864 
I 0.71464 0.00507 
I 0'.71602 0.00389 
1 0.71514 0,00311 j 0.71312 0.00329 

0.71606 0.00402 
0.71491 0.00367 

I 0.71578 0,00335 
J 0.71758 0.00349 

I 0.71762 0.00316 
I 0.71771 0.00289 
1 0.71736 0.00268 
1 0.71652 0.00262 
I 0.71724 0.00254 
1 0.71652 0,00248 
1 0.71576 0.00245 
I 0.71580 0.00231 
1 0.71678 0.00240 
1 0.71578 0,00248 

1 0.71534 0.00240 
0.71478 0.00236 
0.71433 0.00230 
0.71456 0.00221 

I 0.71470 0.00213 
I 0.71478 0,00205 
I 0.71512 0,00200 

- _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _  

0.71909 0.00544 
0.72128 0.00383 
0.72223 0.00287 
0.72464 0.00327 
0.72595 0.00298 
0.72380 0,00331 
0.72436 0.00292 
0.72281 0.00301 
0.72157 0.00296 

0.71927 0.00353 
0.71992 0.00329 
0.71978 0.00302 
0.71803 0.00330 
0.71886 0.00318 
0.71896 0.00298 
0.71944 0.00284 
0.71954 0.00268 
0.71940 0.00254 
0.71909 0.00243 

0.71984 0,00243 
0.72062 0.00294 
0.72142 0.00246 
0.72064 0.00248 
0.72083 0.00239 
0.72076 0.00230 
0.72040 0,00224 

0.71458 0.01008 
0.71520 0.00586 
0.71631 0.00428 
0.71571 0.00337 
0.71361 0.00346 
0.71671 0.00426 
0.71567 0.00384 
0.71692 0.00361 
0.71858 0.00363 

1 
1 
[ 0.72362 0.00250 
[ 0.71933 0.00330 
I 0.71952 0,00277 I 0.72002 0,00194 

0.72013 0.00177 
I 0.72042 0,00172 
I 0.72047 0,00123 

62276 
28117 
33338 
5R213 
61061 
57344 
100010 

0.71854 0.00329 
0.71837 0.00300 
0.71773 0.00284 
0.71666 0.00284 
0.71739 0.00274 
0.71672 0.00265 
0.71600 0.00259 
0.71605 0.00245 
0.71697 0.00249 
0.71601 0.00255 

0.71559 0.00246 
0.71494 0.00244 
0.71455 0.00236 
0.71468 0.00226 
0.71488 0.00218 
0.71480 0.00210 
0.71510 0.00204 

_ _ _ - - _ - _ _ _ _ _ _ _ _ _ _ _  

1 0.71820 0.00189 
0.71889 0.00160 
0.71844 0.00141 
0.71697 0.00172 

I 0.71769 0,00179 
1 0.71732 0,00174 
1 0.71712 0.00168 
I 0.71716 0.00158 
I 0.71787 0.00157 
1 0.71732 0.00168 

1 0.71741 0.00162 
I 0.71751 0.00158 
I 0.71754 0,00154 
I 0.71728 0.00144 
1 0.71738 0,00139 
1 0.71753 0.00134 
1 0.71760 0.00127 

38569 
49078 
58683 
36333 
31554 
31056 
31405 
33367 
32080 
26654 

27184 
27548 
27689 
30122 
30978 
32295 
34388 

- - - _ - - - 

4180 I 0.72479 0.69767 0.72454 j 0.71547 0.00196 0.71959 0.00230 0.71544 0.00199 j 0.71734 0.00122 36138 
3977 1 0.73271 0.72665 0.73088 1 0.71606 0.00198 0,71984 0.00224 0.71597 0.00200 1 0.71783 0.00127 32009 
4193 1 0.70218 0.71363 0.69961 I 0.71560 0.00197 0.71963 0.00217 0.71543 0.00200 I 0.71760 0.00128 30623 

51. 3694 1 0.71537 0.71223 0.71416 1 0.71559 0.00190 0.71939 0.00211 0.71539 0.00194 I 0.71750 0.00124 31567 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

i 



52 
53 
54 
55 
56 
57 
58 
59 . 
60 

6 1  
62 
63 
64 
65  
66 
67 
6 8  
69 
7 0  

- - - - - - - - - 

4113 I 0 . 7 2 3 5 8  
4034 I 0.72063 
3 9 3 1  1 0 . 7 2 6 0 0  
4036 I 0 . 7 2 9 9 1  
4109 1 0 . 7 1 3 9 8  
3899 I 0 . 7 2 7 6 8  
4 0 4 1  I 0 . 7 1 0 9 7  
3785 I 0 .72190 
4045 1 0 .71196 

4026 1 0 . 7 1 3 3 5  
,8053 1 0 . 7 0 6 7 3  
3998 I 0 . 7 2 6 6 9  
4114 0 . 6 9 7 7 1  
3800 I 0 . 7 1 6 6 8  
4121 I 0 . 7 1 2 0 3  
3920 1 0 . 7 1 2 9 3  
4036 I 0 . 7 0 6 8 3  
3962 [ 0 . 7 0 3 0 4  
3916 I 0 . 7 0 9 1 2  

~ ____-__-_-__. 

0.69502 
0 .71428 
0 . 7 2 4 8 1  
0 . 7 1 3 8 1  
0 .72273 
0 .71046 
0 .71745 
0 .73145 
0.71105 
. - - - - - - _ - 

0 . 7 2 2 8 5  
0.71849 
0 .72129 
0.72923 
0 .71452 
0 .72646 
0 .70929 
0 . 7 2 3 7 1  
0.71749 

- - - - - - - - - 

0 .71584 0.00186 
0 .71599 0 .00181 
0 .71628 0 .00178 
0.71667 0 .00177 
0 .71660 0 ,00172 
0 .71690 0 .00170 
0.71674 0 . 0 0 1 6 6  
0.71687 0 .00163 
0 .71675 0 ,00159 

0 .71863 0.00218 
0 . 7 1 8 5 0  0 .00212 
0.71868 0.00206 
0 . 7 1 8 5 4  0 . 0 0 2 0 1  
0 . 7 1 8 6 6  0.00196 
0 .71844 0 .00192 
0 .71841 0 . 0 0 1 8 6  
0.71875 0.00185 
0 .71855 0 .00181 

0.71562 0.00189 
0 . 7 1 5 7 1  0 .00184 
0 .71587 0 .00179 
0.71625 0.00178 
0 .71620 0 .00173 
0.71648 0.00170 
0.71629 0.00167 
0 .71648 0,00164 
0.71651 0.00160 

0 .71724 0 , 0 0 1 2 1  
0 .71729 0 .00117 
0 . 7 1 7 4 5  0.00119 
0.71762 0 ,00117 
0 .71763 0 .00113 
0 .71770 0 ,00110 
0 .71763 0.00108 
0 .71789 0 .00107 
0.71759 0.00104 

3 2 2 5 1  
33042 
30992 
31545 
32578 
33456 
33779 
33745 
34609 

0 .71813 0 .71693 
0 .71993 0 .70695 
0 .73336 0 ,72466 
0 .71373 0 .69627 
0 .71403 0 . 7 1 7 9 0  
0 .73168 0 .71505 
0 .71303 0 , 7 1 4 8 9  
0.69844 0 , 7 0 5 4 7  
0 . 6 9 7 4 1  0 .70229 
0 .72597 0.70862 

0.71652 0 .00156 
0.71629 0.00154 
0 . 7 1 6 4 9  0 . 0 0 1 5 1  
0 .71603 0 .00155 
0.71607' 0 . 0 0 1 5 1  
0 .71605 0 .00148 
0 .71602 0.00145 
0 .71580 0 , 0 0 1 4 3  
0..71552 0 .00143 
0 .71539 0 . 0 0 1 4 1  

0 .71544 0.00138 
0.71582 0 .00141 
0 .71655 0 .00157 
0 . 7 1 6 5 1  0.00154 
0 .71682 0.00154 
0 .71696 0.00152 
0 .71690 0.00149 
0 .71682 0.00147 
0 . 7 1 7 0 1  0 .00146 
0.71712 0.00144 

.---___-__-----_ 

35749 
36019 
33659 
31312 
32199 
3 2 6 6 1  
33190 
3 0 8 2 1  
28065 
28506 

I 0.71667 0 . 0 0 1 5 5  
0.71643 0 .00153 
0.71667 0 .00152 
0 .71624 0 .00154 
0 .71625 0 .00151 
0.71616 0 .00148 

1 0 .71609 0 .00145 
I 0 .71590 0 , 0 0 1 4 3  
I 0.71563 0 .00142 
I 0.71550 0 .00140 

i 
______...__________ 

0,71854 0 .00177 
0 . 7 1 8 5 8  0.00172 
0 .71892 0 .00172 
0 .71880 0 .00168 
0 . 7 1 8 7 0  0 . 0 0 1 6 5  
0 .71898 0 .00164 
0 . 7 1 8 8 5  0 . 0 0 1 6 1  
0 .71843 0 .00163 
0 . 7 1 8 0 0  0 .00165 
0 . 7 1 8 1 6  0 .00163 

_ _ _ _ _ _ _ _ _ - _ _ _ _ _ _  

0.71752 0 , 0 0 1 0 1  I 0 . 7 1 7 4 1  0 .00100 
0 .71766 0 .00102 
0 .71743 0 .00104 
0.71738 0 .00102 
0 .71746 0 .00100 

I 0 .71735 0 .00098 
1 0.71703 0 , 0 0 1 0 1  
I 0 .71668 0 .00104 
1 0.71668 0,00103 

[ 0 .71679 0 ,00102 
0 .71712 0 .00104 
0.71763 0 ,00108 
0 .71740 0 .00108 1 0.71766 0 . 0 0 1 1 1  
0 .71777 0.00109 
0 .71778 0.00107 

I 0 .71784 0.00106 
1 0 .71805 0 .00108 
1 0 .71803 0 .00106 

_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
28437 
26533 
24338 
23818 
22365 
22486 
22903 
23018 
21772 
22295 

20219 
19504 
18582 
18795 
19209 
19209 
19360 
19807 
18699 
18970 

18675 
18815 
19287 
1 9 0 2 1  
19280 
18958 
19235 
18995 
18718 
18898 

_ _ _ _ _ _  

_ _ - _ _ _  

7 1  4040 
72 4007 
73 4086 

' 74 4102 
7 5  3747 
7 6  4052 
7 7  3946 
78  3873 
79 3856 
80 4080 

8 1  3994 
82 3709 
83 4430 
84 4013 
85 4002 
8 6  3985 
87 4005 
88  3996 
89 4002 
90  3829 

_---__-__-__---__. 

0 . 7 2 0 0 7  
0 . 7 3 5 0 3  
0 .75337 
0 . 7 1 6 2 4  
0 .73727 
0 . 7 2 5 6 1  
0 .71283 
0 . 7 1 5 5 7  
0 . 7 3 0 3 8  
0 . 7 2 2 5 5  

0 . 6 8 4 5 5  
0 . 7 3 4 1 6  
0 . 7 2 3 0 4  
0 . 7 3 7 8 1  
0 . 7 1 8 1 1  
0 . 7 1 3 8 6  
0 . 7 2 2 3 8  
0.72797 
0 . 7 0 3 2 9  
0 . 7 3 3 6 5  

. - - - - - - - - 

0 .72718 
0 .72922 
0 .71792 
0 .69408 
0.72833 
0 .72260 
0 . 7 2 4 1 9  
0 .72897 
0 .73745 
0 .71005 

0 . 7 1 1 1 1  
0 . 7 3 1 9 4  
0 . 7 4 4 6 6  
0 .71375 
0 .72027 
0 ,70626 
0 .71966 
0 .71024 
0 .69662 
0.71086 

. - - - - - - - - -. 

0 . 7 1 8 0 5  
0.73500 
0 . 7 5 4 9 0  
0 .71437 
0 .73364 
0 .72440 
0 .71356 
0 .71244 
0 .72787 
0 .72367 

0 .68208 
0 .73335 
0 .71983 
0 .73776 
0 .72002 
0 .71283 
0 .71909 
0 .72920 
0 . 7 0 1 3 1  
0 .73340 

. - - - - - - - 

0.71559 0 .00138 
0.71597 0 .00140 
0.71667 0 . 0 0 1 5 5  
0 . 7 1 6 6 6  0 .00152 
0 .71704 0,00153 
0.71719 0 .00151 
0 . 7 1 7 1 1  0.001.49 
0.71709 0 .0014 6 
0 .71731 0.00146 
0.71740 0 ,00144 

0 .71833 0.00160 
0 .71854 0 .00159 
0 .71853 0 .00156 
0 . 7 1 8 0 8  0.00159 
0.71827 0.00157 
0.71834 0 . 0 0 1 5 5  
0.71845 0 .00152 
0 .71863 0.00151 
0 . 7 1 8 9 5  0.00152 
0 . 7 1 8 8 0  0 . 0 0 1 5 0  

. - - - - - - - - - - - - - - -. 
0 .71686 0 , 0 0 1 5 1  
0.71714 0 ,00151 
0.71723 0 .00149 
0 .71756 0 .00150 
0.71756 0 .00148 
0.71751 0.00146 
0 .71758 0.00144 
0.71773 0 .00142 
0.71752 0.00142 
0.71776 0 ,00142 

. - - - - - - - - - - - - - - - - 

_ _ _ _ _ - _ _ _ _ _ _ _ - _ _ -  
0 . 7 1 7 8 1  0 , 0 0 1 1 1  
0 .71805 0 .00112 
0 .71820 0 ,00114 
0 .71834 0.00112 
0 . 7 1 8 3 6  0.00110 
0 .71823 0 .00109 
0 .71826 0 . 0 0 1 0 8  
0.71828 0 ,00106 
0 .71804 0 .00108 
0 . 7 1 8 1 1  0 , 0 0 1 0 7  

0.71655 0,00152 I 
0.71682 0.00152 I 
0.71686 0 . 0 0 1 5 0  I 
0.71719 0 .00151 
0 . 7 1 7 2 4  0 .00149 1 
0 .71717 0 .00147 I 
0 .71720 0 .00145 I 
0 .71737 0.00144 
0.71714 0.00143 
0 .71737 0 .00143 

0.71867 0 .00148 
0 .71889 0 .00147 
0.71929 0 .00150 
0 . 7 1 9 2 1  0 .00148 
0.71922 0 .00146 
0 .71903 0 .00145 
0 .71904 0 .00143 
0 . 7 1 8 9 1  0 .00141 
0 .71859 0 . 0 0 1 4 3  
0.71847 0 . 0 0 1 4 1  

9 1  42'09 
92 4023 
93 3810 
94 3893 
95  3938 
96 3987 
97  3946 
9R 3 8 4 1  
99 4129 

100 3880 

1 0 1  3959 
- 1 0 2  3947 

103 4054 
104 3 7 9 1  

- - - - - _ _ _ _ - _ - - - - _ _  

0.73884 0 .72109 
0 . 7 3 1 3 3  0 , 7 1 9 7 7  
0 . 7 1 4 9 7  0 . 7 1 2 2 6  
0 .72772 0 ,73433 
0 .74023 0 . 7 0 0 5 1  
0 . 7 3 6 5 3  0 .72590 
0,71362 0 .72123 
0 .72868 0 .73238 
0 . 7 0 8 9 8  0 ,70613 
0 . 7 1 6 8 4  0 .71554 

0 . 7 1 0 4 2  0 , 7 0 6 7 6  
0 . 7 3 2 5 1  0 ,70115 
0 . 7 0 7 8 6  0.72006 
0 . 7 2 0 9 5  0 . 7 3 1 3 7  

. - - - - - - - - - - - - - - - - - 

0.71824 0 .00107 
0 .71835 0,00105 
0.71827 0 .00103 
0 . 7 1 8 4 6 '  0 .00104 
0 .71847 0 .00102 
0 . 7 1 8 6 1  0 ,00102 
0.71859 0 . 0 0 1 0 1  
0.71872 0 . 0 0 1 0 1  
0 . 7 1 8 6 0  0 , 0 0 1 0 1  
0 .71857 0,00100 

0 .73628 
0 . 7 3 1 6 5  
0 . 7 1 9 2 0  
0.72844 
0 .73972 
0 .73419 
0.71375 
0 .72682 
0 .70687 
0.71564 

0 . 7 1 0 8 6  
0 . 7 3 2 9 8  
0 .70562 
0 .71517 

- - - - - - - - -. 

0.71805 0 .00143 
0.71824 0 ,00142 
0.71819 0 .00140 
0.71832 0 .00139 
0 .71861 0 .00140 
0.71885 0 .00140 
0 .71878 0 .00139 
0 . 7 1 8 9 1  0 .00137 
0 .71878 0 .00136 
0 .71876 0 .00134 

0 . 7 1 8 5 1  0.00139 
0.71853 0 .00138 
0 .71844 0.00136 
0 . 7 1 8 6 6  0 .00136 
0 . 7 1 8 4 2  0 .00136 
0 . 7 1 8 5 1  0 .00135 
0 . 7 1 8 5 5  0 .00133 
0 .71873 0 .00132 
0 . 7 1 8 5 7  0 . 0 0 1 3 2  
0 .71853 0 .00130 

0.71764 0.00144 
0.71783 0.00143 
0 .71785 0 .00141 
0 .71800 0 ,00140 
0 .71829 0 . 0 0 1 4 1  
0 .71849 0 .00141 
0 .71843 0.00139 
0.71854 0.00138 
0.71839 0 ,00137 
0.71836 0 .00135 

0 2  
0 
VI 
M 

1 
0 
0 

__._____________________________________-----------------------------------_------ 

0.71865 0 .00133 0 .71838 0 .00129 0 .71827 0.00134 I 0.71844 0 .00099 18854 
0.71882 0 ,00133 0 . 7 1 8 1 7  0 .00129 0.71845 0 .00133 I 0 . 7 1 8 4 1  0 . 0 0 0 9 8  19095 
0.71869 0 .00132 0.71820 0 .00128 0 .71829 0 .00132 1 0 .71836 0 .00097 19185 
0.71872 0 .00130 0 .71835 0 .00127 0 .71825 0 . 0 0 1 3 1  I 0 , 7 1 8 4 0  0 .00097 19109 



105 4061 I 0.72558 0.71693 0.72388 1 0.71880 0,00129 0.71834 0.00126 0.71832 0.00130 0.71842 0.00096 19249 
106 4021 0.70018 0,72579 0.69856 I 0.71858 0,00129 0.71842 0.00125 0.71809 0.00130 0.71836 0.00095 19332 
107 3867 I 0.71512 0.70755 0.71894 I 0.71854 0,00128 0.71830 0.00124 0,71810 0.00129 0.71826 0.00094 19696 
108 4012 I 0.71538 0.71534 0.71253 I 0.71851 0.00126 0.71826 0.00122 0.71804 0,00127 ] 0.71823 0.00093 19775 
109 4051 I 0.74043 0,70550 0.79375 1 0,71875 0,00127 0.71812 0,00122 0.71833 0.00129 I 0.71830 0.00092 20079 
110 4268 I 0.70877 0,71276 0.70985 I 0.71864 0.00126 0.71806 0.00121 0.71823 0.00128 I 0.71821 0.00091 20200 

111 3864 I 0.72578 0.73055 0.72955 I 0,71872 0,00125 0.71820 0.00120 0.71830 0.00127 1 0.71831 0.00091 20105 
112 4072 I 0.69601 0,69799 0.69762 I 0,71847 0,00126 0,71798 0,00121 0.71808 0.00127 I 0.71809 0.00093 19126 
113 3838 I 0.71483 0,71858 0,71469 I 0.71843 0,00125 0.71799 0.00120 0.71804 0,00126 I 0.71803 0.00092 19349 
114 4080 I 0.72956 0.72416 0.73074 I 0.71855 0.00124 0.71805 0.00118 0.71817 0.00125 1 0.71814 0.00091 19379 
115 19427 
116 , 'j965 I 0.71230 0.71601 0.71000 I 0.71857 0.00122 0.71804 0.00116 0.71813 0.00123 0.71811 0.00090 19498 
117 3996 I 0.69681 0.70112 0,69950 I 0,71835 0.00123 0.71787 0.00116 0.71794 0,00123 0,71787 0.00090 18973 
118 , ' 3925 I 0.72549 0.72316 0.72452 1 0,71842 0,00122 0.71792 0.00115 0.71801 0,00122 1 0.71793 0.00090 19065 
119 4154 I 0.71842 0.72867 0.71676 1 0.71842 0.00121 0.71803 0.00114 0.71799 0,00121 I 0,71797 0.00089 19153 
120 3985 I 0.71074 0.72319 0.71156 1 0,71835 0.00'120 0.71808 0.00113 0.71793 0.00120 1 0.71797 0.00088 19403 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

4127 1 0.72689 0,71907 0,72217 1 0.71864 0,00123 0.71806 0.00117 0.71822 0,00124 1 0.71815 0.00090 

____-_________-__-______________________- - - - -~ - -~~~~~- - - -~ - -~- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0.75337 on cycle 73 collision 0.68455 on cycle 81 
absorption 0.74466 on cycle 83 absorption 0.69408 on cycle 74 

track length 0.75490 on cycle 73 track length 0.68208 on cycle 81 
l p l o t  of the estimated col/abs/track-length keff one standard deviation interval versus cycle number 11 = final keff = 0.71797) 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
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41 
42 
43 
44 
45 
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52 
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5 5  35 
56 36 
5 7  37 
58 38 
5 9  39 
60 40  
61  4 1  
6 2  42 
6 3  43  
64 44 
6 5  4 5  
66  46 
6 7. 47 
68  48  
6 9  ' 49 
70 50 
7 1  51  
7 2  52 
7 3  ' 53 
7 4  54 
7 5  55 
7 6  56 
7 7  57 
7 8  58 
7 9  59  
8 0  60 
81 6 1  
82  6 2  
8 3  6 3  
8 4  64 
8 5  65 
8 6  6 6  
8 7  67 
8 8  68 
8 9  69 
9 0  70  
9 1  7 1  
92 72 
93 73 
9 4  74 
9 5  75 
9 6  7 6  
9 7  7 7  
9 8  -7 8 
9 9  79 

1 0 0  8 0  
101 8 1  
1 0 2  82 
1 0 3  83  
1 0 4  84 
1 0 5  85 
106  A6 
1 0 7  87 
10.9 88 
109 89 
1 1 0  90 
111 9 1  
1 1 2  92 

1 

+ 

+ 

+ 
I 
I 
i I 
I 
1 
I 
I 
I 

t 

I 
I i 

t 

+ 

I 
0 
0 
CL 



113 
114 
115 
116 
117 
118 
119 
120 

lindividual 

skip ,active active average kef€ estimators and deviations normality average k(c/a/t) klc/a/t) confidence intervals 
cycles cycles neutrons k(co1) st dev klabsl s t  dev k(trk1 st dev co/ab/tl k(c/a/t) st dev 95% confidence 99% confidence 

0 1 2 0  
1 119 
2 118 
3 1 1 7  
4 116 
5 1 1 5  
6 114 
7 113 
8 112 
9 111 

1 0  1 1 0  
_ - _ _ - _ _ _ _ _ _ _ _ _ _  

11 109 
12 108 
13  107 
14 106 
1 5  105 
1 6  104 
17  103 
1 8  102 
1 9  1 0 1  
20  1 0 0 "  

478047 1 
474047 1 
470527 1 
4 6 7 2 0 9 )  
4633551 
4593401 
455237 I 
451257 I 
447275 1 
443373 1 
4 3 9 3 5 4 )  _ _ _ _ _ _ _ _ _ _ _  ~ 

4 3 5 1 8 0 )  
431275 1 
427387 I 
4232901 
4 1 9 2 5 5 )  
415394 1 
411363 1 
407520 
403463 I 
399327 1 

0 .7194 0 ,0018 
0 . 7 1 8 0  0 . 0 0 1 1  
0 . 7 1 7 9  0 . 0 0 1 1  
0 .7180 0 , 0 0 1 1  
0 .7182 0 . 0 0 1 1  
0 . 7 1 8 0  0 . 0 0 1 1  
0 .7180 0 .0011 
0 .7180 0 . 0 0 1 1  
0 . 7 1 8 1  0 . 0 0 1 1  
0 .7182 0 . 0 0 1 1  
0 . 7 1 8 1  0 , 0 0 1 1  

- _-____-. 

0 , 7 2 0 4  0 ,0019 
0 . 7 1 8 9  0 . 0 0 1 1  
0 .7187 0 .0010 
0 . 7 1 8 6  0.0010 
0 . 7 1 8 6  0 , 0 0 1 1  
0 . 7 1 8 6  0 . 0 0 1 1  
0 . 7 1 8 5  0 . 0 0 1 1  
0 .7184 0.0011 
0 . 7 1 8 2  0 .0011 
0 .7183 0.0011' 
0 . 7 1 8 3  0 . 0 0 1 1  

0 . 7 1 8 1  0 . 0 0 1 1  
0 . 7 1 8 1  0 , 0 0 1 1  
0 . 7 1 8 1  0 , 0 0 1 1  
0 . 7 1 8 0  0 .0012 
0 .7180 0 .0012 
0.7180 0 .0012 
0 . 7 1 8 1  0 . 0 0 1 2  
0 .7182 0 .0012 
0 .7182 0 ,0012 
0 .7183 0.0012 

0 . 7 1 8 1  0 , 0 0 1 1  
0 . 7 1 8 0  0 . 0 0 1 1  
0 . 7 1 8 1  0 . 0 0 1 1  
0 . 7 1 8 0  0 . 0 0 1 1  
0 . 7 1 8 1  0 . 0 0 1 1  
0 . 7 1 8 1  0 . 0 0 1 1  
0 . 7 1 8 1  0 . 0 0 1 1  
0 . 7 1 8 3  0 . 0 0 1 1  
0 . 7 1 8 1  0 . 0 0 1 1  
0 . 7 1 8 1  0 , 0 0 1 1  

0 .7190 0 . 0 0 1 8  Ino/no/no( 0 . 7 1 9 6 1  0 .00170 
0 . 7 1 7 6  0 . 0 0 1 1  195/95 /951 0 .71830 0 . 0 0 0 8 0  
0 . 7 1 7 5  0 . 0 0 1 1  195/95 /951 0 .71809 0 .00079 
0 .7177 0 . 0 0 1 1  9 5 / 9 5 / 9 5 1  0 .71812 0 .00080 
0 . 7 1 7 8  0 . 0 0 1 1  / 9 5 / 9 5 / 9 5 1  0.71816 0 . 0 0 0 8 0  
0 .7177 0 , 0 0 1 1  ( 9 5 / 9 5 / 9 5 1  0 .71810 0 , 0 0 0 8 1  
0 .7177 0 . 0 0 1 1  ( 9 5 / 9 5 / 9 5 1  0 .71808 0 , 0 0 0 8 1  
0 .7176 0 . 0 0 1 1  ] 9 5 / 9 5 / 9 5 )  0.71798 0 .00082 
0 .7177 0 . 0 0 1 1  1 9 5 / 9 5 / 9 5 )  0.71794 0 .00082 
0 .7179 0 . 0 0 1 1  ( 9 5 / 9 5 / 9 5 1  0 . 7 1 8 0 1  0 .00083 
0 .7178 0 . 0 0 1 1  ( 9 5 / 9 5 / 9 5 1  0 .71799 0.00083 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0 .7177 0 . 0 0 1 1  
0 . 7 1 7 7  0 . 0 0 1 1  
0.7178 0 . 0 0 1 1  
0 .7177 0 .0012 
0.7177 0 . 0 0 1 2  
0 .7176 0 .0012 
0 .7177 0.0012 
0 .7178 0 . 0 0 1 2  
0.7178 0 . 0 0 1 2  
0 . 7 1 7 9  0 .0012 

9 5 / 9 5 / 9 5 1  0.71786 0.00083 
9 5 / 9 5 / 9 5 1  0 . 7 1 7 8 0  0 .00084 
9 5 / 9 5 / 9 5  0 .71788 0 .00084 
9 5 / 9 5 / 9 5 /  0.71780 0.00084 
9 5 / 9 5 / 9 5 !  0 .71782 0 . 0 0 0 8 5  
9 5 / 9 5 / 9 5 (  0.71776 0 .00086 
9 5 / 9 5 / 9 5 ]  0 .71788 0 .00086 
9 5 / 9 5 / 9 5 ]  0.71800 0 .00087 
9 5 / 9 5 / 9 5 )  0.71793 0 .00087 
9 5 / 9 5 / 9 5 1  0.71797 0 .00088 

0 .71643-0 .72320 
0 .71670-0 .71989 
0 .71652-0 .71967 
0 .71654-0 .71971 
0 .71657-0 .71976 
0 .71650-0 .71970 
0 .71646-0 .71969 
0 .71636-0 .71961 
0 .71629-0 .71958 
0 .71636-0 .71966 
0 .71633-0 .71965 

0 .71620-0 .71953 
0 .71613-0 .71947 
0 .71621-0 .71956 
0 .71612-0 .71948 
0 .71612-0 .71952 
0 .71604-0 .71947 
0 . 7 1 6 1 5 - 0 . 7 1 9 6 0  
0 .71627-0 .71972 
0 .71619-0 .71966 
0 .71622-0 .71973 

0 . 7 1 5 3 2 - 0 . 7 2 4 3 1  
0 . 7 1 6 1 8 - 0 . 7 2 0 4 1  
0 .71600-0 .72019 
0 .71602-0 .72023 
0 . 7 1 6 0 5 - 0 . 7 2 0 2 8  
0 .71597-0 .72023 
0 .71593-0 .72022 
0 .71582-0 .72014 
0 . 7 1 5 7 6 - 0 . 7 2 0 1 2  
0 . 7 1 5 8 2 - 0 . 7 2 0 2 0  
0 .71578-0 .72019 

0 .71566-0 .72007 
0 .71559-0 .72002 
0 . 7 1 5 6 6 - 0 . 7 2 0 1 1  
0 .71557-0 .72003 
0 .71557-0 .72007 
0 .71548-0 .72003 
0 .71559-0 .72016 
0 .71570-0 .72029 
0 .71562-0 .72023 
0 . 7 1 5 6 4 - 0 . 7 2 0 3 0  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _  

22 
24 
26  
28  
30  
32 
34 
36 
38 
4 0  

42 
4 4  
4 6  
48 
50  
52 

* 54 
56  
58  

- - - - - - - 

98 
96 
94 
92 
90 
88  
86 
84 
82 
80  

3913571 0 .7184 0 . 0 0 1 2  
3835681 0.7184 0 .0012 
3756191 0 . 7 1 8 7  0.0013 
3 6 7 4 5 1  0 . 7 1 8 6  0 .0013 

, 3594191 0 .7184 0 .0013 
3 5 1 5 7 1 )  0 . 7 1 8 4  0.0013 
3435901 0 .7186 0.0013 
3355371 0.7187 0 . 0 0 1 3  
3276961 0 .7189 0 ,0014 
3192781 0 .7190 0 .0014 

78  
76 
74 
7 2  
7 0  
68 
66 
64 
62 

3113891 0 .7194 0 .0014 
3 0 j 5 0 3 [  0 .7195 0 . 0 0 1 4  
295319 0 .7196 0 .0014 
2872501 0.7195 0 . 0 0 1 5  
279080 0 . 7 1 9 5  0 . 0 0 1 5  
2 7 1 2 7 3 1  0 .7195 0 .0015 
263308 0 .7194 0.0016 
255163 0 .7193 0 . 0 0 1 6  
247223 0 .7193 0 . 0 0 1 6  

0 . 7 1 8 1  0.0012 
0 . 7 1 7 9  0 . 0 0 1 2  
0 . 7 1 7 6  0 .0012 
0 . 7 1 7 5  0 .0012 
0 .7177 0.0012 
0 . 7 1 7 8  0.0012 
0 . 7 1 8 1  0 .0012 
0 . 7 1 7 9  0 .0012 
0 . 7 1 7 8  0.0013 
0 .7178 0.0013 

0 . 7 1 7 4  0 ,0013 
0 . 7 1 7 3  0.0013 
0 . 7 1 7 1  0.0013 
0 . 7 1 7 5  0.0013 
0 .7174 0.0013 
0 .7178 0.0013 
0 . 7 1 7 8  0 .0014 
0 .7178 0 .0014 
0 . 7 1 7 9  0 .0014 

_ _ _ _ - _ _ _ - _ _ _ _ _ _  

0.7180 0 . 0 0 1 2  
0 . 7 1 8 0  0 . 0 0 1 2  
0 .7182 0 . 0 0 1 3  
0 . 7 1 8 1  0 .0013 
0 .7179 0.0013 
0 .7179 0 .0013 
0 . 7 1 8 1  0 . 0 0 1 3  
0 .7182 0 . 0 0 1 3  

0 .71799 0 .00090 
0 .71790 0 .00092 
0 .71779 0.00094 
0 .71771 0 . 0 0 0 9 6  
0.71766 0 ,00099 
0 .71775 0 .00100 
0 .71794 0 ,00099 
0 .71783 0 .00100 

0 .7183 0 . 0 0 1 4  1 9 5 / 9 5 / 9 5 (  0 .71782 0 . 0 0 1 0 3  
0 . 7 1 8 4  0 .0014 195/95 /951 0.71794 0 , 0 0 1 0 5  

0 . 7 1 8 8  0 . 0 0 1 4  195:95/951 0.71782 0 .00108 
0.7190 0 . 0 0 1 4  9 5 / 9 5 / 9 5 ]  0 . 7 1 7 7 1  0 ,00110 
0 .7190 0 .0014 1 9 5 / 9 5 / 9 5 1  0 .71762 0.00113 
0.7189 0 . 0 0 1 5  ( 9 5 / 9 5 / 9 5 (  0 .71773 0 .00115 
0 .7190 0 . 0 0 1 5  1 9 5 / 9 5 / 9 5 )  0.71777 0.00115 
0 .7190 0 . 0 0 1 5  [ 9 5 / 9 5 / 9 5 (  0.71796 0.00116 
0 .7190 0 .0016 9 5 / 9 5 / 9 5  0.71798 0 .00118 
0 .7189 0.0016 1 9 5 / 9 5 / 9 5 1  0.71792 0.00122 
0 .7189 0 . 0 0 1 6  1 9 5 / 9 5 / 9 5 (  0 .71802 0 .00125 

- - - - -__-_---_-____-_____________________-~ 

0.71619-0 .71978 
0 .71607-0 .71973 
0 .71592-0 .71967 
0 .71580-0 .71963 
0 .71569-0 .71963 
0 .71576-0 .71974 
0 .71597-0 .71990 
0 .71584-0 .71983 
0 .715?6-0 .7198? 
0 . 7 1 5 8 5 - 0 . 7 2 0 0 2  

0 .71567-0 .71997 
0 .71552-0 .71991 
0 .71537-0 .71987 
0 .71545-0 .72002 
0 .71547-0 .72007 
0.71564-0.72028 
0 .71561-0 .72034 
0.71548-0.72037 
0 .71552-0 .72053 

- 

0 .71561-0 .72037 
0 .71548-0 .72033 
0 . 7 1 5 3 1 - 0 . 7 2 0 2 8  
0 .71517-0 .72026 
0 .71504-0 .72028 
0 .71511-0 .72039 
0 .71533-0 .72055 
0 .71518-0 .72048 
0 .71509-0 .72055 
0 .71517-0 .72070 

0 .71497-0 .72067 
0 .71480-0 .72063 
0 . 7 1 4 6 3 - 0 . 7 2 0 6 1  
0 . 7 1 4 7 0 - 0 . 7 2 0 7 7  
0 .71472-0 .72083 
0 . 7 1 4 8 8 - 0 . 7 2 1 0 4  
0 .71483-0 .72112 
0 .71468-0 .72117 
0 .71469-0 .72136 

_ _ _ _ _ _ _ - - _ _ _ _ _ _ _  

1 
0 %  

0 
CA 
m 
1 
0 
0 
P 



i 

60 60 2393931 0.7194 0,0017 0,7178 0.0015 0.7189 0,0017 )95/95/951 0.71777 0.00130 0.71516-0.72038 0.71429-0.72124 

62 
64 
66 
68 
70 
72 
74 
76 
78 
80 

82 
84 
86 
88 
90 
92 
94 
96 
98 
100 

102 
104 
106 
108 
110 
112 
114 
116 
117 
118 

. . .. - - - 

.-_-__ 

58 
56 
54 
52 
50 
48 
46 
44 
42 
40 (. - - - - - - - - - 
38 

, 36 
34 
32 
30 
28 
26 
24 
22 
20 

18 
16 
14 
12 
10 
8 
6 
4 
3 
2 

- - - - - - - - - 

2313141 0,7197 0,0017 0.7177 0,0015 0.7191 0.0017 0.71774 0.00137 0.71499-0.72050 0.71408-0.72141 
22320.21 0.7200 0,0017 0,7175 0.0015 0.7194 0.0018 0.71781 0.00139 0.71502-0.72059 0.71409-0.72152 
2152811 0.7202 0.0018 0.7173 0.0016 0.7195 0.0018 0.71743 0.00147 0.71448-0.72038 0.71350-0.72136 
2073251 0.7206 0.0018 0.7178 0.0016 0.7199 0.0019 0.71774 0.00148 0.71476-0.72073 0.71377-0.72172 
1994471 0.7212 0.0019 0,7180 0.0016 0.7205 0.0019 0.71805 0.00149 0.71506-0.72109 0.71406-0.72205 
1914001 0.7209 0.0019 0.7176 0.0016 0.7202 0.0019 0.71768 0.00151 0.71463-0.72072 0.71361-0.72174 
183212 0,7203 0.0019 0.7181 0.0016 0.7196 0.0019 0.71760 0.00144 0.71469-0.72050 0.71371-0.72148 
175413 I 0.7198 0.0019 0,7177 0.0017 0.7192 0.0019 95/95/951 0.71746 0.00147 0.71449-0.72043 0.71348-0.72143 
1675941 0.7201 0.0020 0.7173 0.0017 0.7195 0.0020 /95/95/951 0.71727 0.00155 0.71413-0.72040 0.71307-0.72146 
1596581 0.7198 0.0021 0,7170 0.0017 0.7191 0.0021 (95/95/95,1 0.71700 0.00157 0.71381-0.72019 0.71273-0.72127 

1519551 0,7203 0.0019 0,7168 0.0018 0.7197 0.0019 195/95/951 0.71729 0.0.0151 0.71422-0.72036 0.71317-0.72141 
1435121 0.7197 0.0020 0,7161 0.0017 0.7192 0.0020 95/95/95) 0.71670 0.00151 0.71363-0.71977 0.71258-0.72082 
1355251 0.7200 0.0021 0.7162 0.0018 0.7194 0,0021 [95/95/951 0.71669 0.00157 0.71348-0.71989 0.71237-0.72100 
1275241 0.7196 0,0022 0,7163 0,0019 0.7191 0.0022 195/95/95) 0.71667 0.00165 0.71329-0.72004 0.71212-0.72122 
1196931 0,7197 0.0022 0,7172 0.0019 0.7192 0.0022 (95/95/95 0,71715 0.00155 0.71398-0.72033 0.71286-0.72144 
1114611 0.7186 0,0023 0.7169 0.0020 0.7182 0,0022 (95/95/95 0,71681 0.00160 0.71352-0.72010 0.71235-0.72126 
103758 0.7184 0,0024 0.7164 0,0020 0,7177 0.0024 195/95/95 0.71572 0.00162 0.71237-0.71906 0.71118-0.72026 
958331 0.7168 0.0023 0.7167 0.0021 0.7161 0.0023 195/95/951 0.71557 0.00165 0.71214-0.71900 0.71090-0.72024 
880461 0.7164 0,0024 0.7158 0.0021 0.7158 0.0024 195/95/95( 0.71489 0.00168 0.71137-0.71841 0.71008-0.71970 
800371 0.7167 0.0027 0.7163 0.0023 0.7162 0.0027 (95/95/95( 0.71542 0.00170 0.71182-0.71901 0.71048-0.72036 

721311 0.7162 0.0028 0.7177 0.0023 0.7156 0.0028 195/95/95( 0.71617 0.00182 0.71229-0.72004 0.71081-0.72152 
642861 0.7164 0.0031 0.7166 0.0024 0.7162 0.0031 195/95/951 0.71627 0.00201 0.71193-0.72060 0.71022-0.72231 
562041 0.7169 0,0033 0.7160 0.0027 0,7169 0.0032 195/95/951 0.71624 0,00233 0.71111-0.72137 0.70901-0.72347 
483251 0.7172 0.0038 0,7167 0.0030 0.7171 0.0038 95/95/95 0.71675 0.00268 0.71069-0.72281 0.70805-0.72545 
400061 0.7157 0.0038 0.7182 0.0034 0.7152 0.0034 195/95/951 0.71577 0.00372 0.70696-0.72458 0.70273-0.72880 
320701 0.7169 0.0038 0.7192 0.0029 0.7162 0.0034 95/95/95 0.71767 0.00363 0.70835-0.72700 0.70305-0.73230 
241521 0.7151 0.0045 0.7185 0.0039 0.7141 0.0037 195/95/95/ 0.71219 0.00473 0.69714-0.72723 0.68458-0.73979 
160601 0.7128 0.0061 0.7190 0.0061 0.7131 0,0053 95/95/95( 0.71708 0,00472 0.65705-0.77711 0.41639-1.01777 
120641 0.7182 0.0042 0.7250 0.0018 0.7176 0,0038 I 
81391 0.7146 0.0038 0.7259 0.0027 0,7142 0,0026 1 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

_________________._.____________________------.------------------------------------------------------.-------------- 

, 

-----------_-_----_--------------------.---------------------------------------------------------------------------- 

the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with 2 inactive cycles and 118 active cycles. 

the first active half of the problem skips 20 cycles and uses 50 active cycles: the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len keff, one standard deviation, and 68, 95, and 99 percent intervals for each active half of the problem are: 

p;oblem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half 0.71668 0.00103 0.71564 to 0.71771 0.71461 to 0,71874 0.71392 to 0.71943 
second half 0.71805 0.00149 0.71656 to 0,71955 0.71506 to 0,72104 0.71406 t o  0.72205 
final result 0,71797 0.00088 0.71709 to 0.71885 0.71622 to 0,71973 0.71564 to 0.72030 

the first and second half values of k(collision/absorption/track length) appear to be the same at the 68 percent confidence level. 
lplot of the estimated'col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0.71797) 

inactive active 0 
cycles cycles 

0 120 
1 119 
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3 117 
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0 
P 



4 116 I 
5 115 I 
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10 110 I 
11 1 0 9  I 
9 111 + 

12 108 
13 107 I 
14 106 1 
15 105 I 

''104 I 3 103 1 
1 8  102 J 
19 101 t 
20 100 
21 99 I 
22 98 I 
23 97 I 
2 4  9 6  I 
25 95 I 

28 9 2  I 
30 90 I 
3 1  89 I 
32 88 I 
3 3  87 I 
34 8 6  I 

2 I 26 
27 

29 91 + 

Z j 35 
36 
37 83 

39 81 + 
38  82  I 
40 8 0  I 
41 79 I 
42 78 I 
43 77 I 
4 4  7 6  I 
4 5  75  I 
4 6  7 4  I 
47 '73 I 
48 7 2  I 
50 7 0  I 
51 69  I 

49 71 t 

52 68 I 

t 

53 67 j 
54 66 
55 65 1 ' 

5 6  64 j 
6 3  I 

sa 62 I 
6 0  60 I 
6 1  59 I 

57 

59 61 t 

I 

+ 

t 

t 

+ 

t 



62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
102 
103 
104 
105 
106 
SO7 
108 
so9 
110 

58 
57 
56 
55 
54 
53 
52 
51 
50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
35 
34 
33 
32 
31 
30 
29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
115 
14 
13 
12 
11 
10 

0; 714 Oj716 

+ 

t . * r * * t . * . * ~ . l * * * * ~ ~ * * * * * ~ * * * . . * * * " . * ~ ~ ~ . . * * ~ . * * . ~ . ~ * , ' * ~ * * . ~ * ~ * ~ ~ ~ * * ~ * * * + ~ * * , * ~ * * * * * * * , * * * * * * * * ~ ~ . ~ * * * * * ~ , , ~ , * , * * ~ . ~ * "  

dump no. 4 on file 3s810r nps = 478047 c o l l  = 77225971 ctm = 40.92 nrn = 1363119709 

I 
0 2  

0 
cn m 

I 
0 
0 
P 2 warning messages s o  f a r .  



run terminated when 120 kcode cycles were done. 

computer time = 40.93 minutes 

mcnp version 4a 10 /01 /93  01/15/01 08:19:35 

,'. 
r ?  

I 

probid = 01/15/01 07:38:39 

I 
0 
0 
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Problem Statement & Calculation Objectives: 

To determine the Pu-239 mass sub-critical limit for 00 x 00 x 12 ft  arrays of l-cubic-foot boxes with Pu-239- 
cellulose spheres and pure cellulose or void outside the sphere. Every box has 1 sphere containing the same 
amount of Pu-239. 
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Weight Fraction 

0.000 124 

0.755267 

0.23 178 1 

0.0 12827 

1-/ 

Analysis 

Assumptions 

Pu-239 inside the sphere is uniformly mixed with 0.72 g/cm3 cellulose 
The pure cellulose (0.72 gkm’) fills the entire space inside the container and outside the Plutonium 
sphere. 
The containers stand on the 3 m thick concrete floor 
The box inside dimensions are 30.48 x 30.48 x 30.48 cm or 1 x 1 x 1 foot 
The box wall thickness is zero 
Every box in the array contains the same mass of Pu-239 
The boxes are arranged in the infinite square array, 12 feet heigh (m xm x 12 ft) 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Attachments 1 has the drawings of the 
models used. Examples of MCNP input and output files for both cases can also be found in the Attachments. 
The plutonium spheres were located in the box’s comer as shown in Attachments 1. 

Air, Carbon Steel, Concrete and Cellulose Composition 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 
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Table 2. Concrete composition 
I. i 

Element 

Hydrogen (H) 

Oxygen (0) 

Sodium (Na) 

Aluminum ( Al) 

Weight Fraction 

0.010 

0.532 

0.029 

0.034 

II 0.337 

0.044 II 
Iron (Fe) 0.014 

The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 3) and the cellulose chemical formula - C,H,,O,. LJ 

Hydrogen (H) 1.00794 II 
ll 

- ~ 

12.0107 

The molecular weight of cellulose (C,HloO,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ith element was found as a ratio of the ith element weight in the molecule 
to the molecular weight of this molecule. 

'M' where 
(w,)<',, = the weight fraction of i'h element in a molecule of cellulose 
n, = the number of the it'' elements in a cellulose molecule 
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Client WVNS 

A ,  = the atomic weight of the ith element, g/mo1 
Mc.c, = the molecular weight a cellulose molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 4. 

Table 4. Cellulose Weight Fractions 

11 Element I Weight Fraction II 

Radii of the Plutonium containing spheres. 

LJ 
The spheres with several different radii were studied. The minimum size of the Plutonium containing sphere 
corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container, i..e, half of the box height. The minimum radius equation ( 3 )  was derived from the volume of a 
sphere equation (2) 

where: 
R,?,,,, = the minimum possible radius of the sphere containing Pu-239, cm 
R,,, = the radius of the metal Plutonium sphere, cm 
J’,,,, = the volume of the sphere with Pu-239, cm3 
nz,,,, = the mass of the Plutonium sphere, g 
p,,,/ = the density of the metal Plutonium, 19.78 g/cm3 

Composition of the Plutonium containing spheres - 
The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of the mixture was determined using 
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where 
Mr,,,ul = the total mass of the mixture, g 

m , ,  = the mass of Pu-239 in a sphere, g 
mcel = the mass of a cellulose in a sphere, g 
VrolLr, = the total volume of a sphere, cm3 
Vcc, = the volume of a cellulose in the sphere, cm3 
per, = the density of a cellulose, 0.72 g/cm3 
V,, = the volume of Pu-239 in the sphere, cm3 
P , , ~  = the density of the metal Plutonium, 19.78 g/cm3 
R = the radius of a Plutonium containing sphere, cm 

Ld 

In the Plutonium-cellulose mixture, the weight fraction of Pu-239 was calculated using equation 5, and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6) and the weight fraction of an element 
in a pure cellulose (equation 1). 

- 
Wcrl  - 
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Radius of the sphere. cm 3 6 
Mixture density, @cm' 0.97560273 I 0.75 195034 I 
Pu-239 weight fraction 0.27 I 89 1652 0.044095039 
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Hydrogen (H) weisht fraction 
Oxwen (0) weight fraction 
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0.045262539 0.0594234 I7 0.06 132734 0.06 I 80869 1 0.06 199034 11 
0.3592344 I4 0.47 I624807 0.486775642 0.490555973 0.49 1 99765 

All variables in equations 5-7 are as described above. Table 6 shows the composition of the Plutonium 
containing spheres. 

The cases for spheres with log, 20g, and 30g of Pu-239 were studied and based on the calculated neutron 
multiplication factors, the Pu-239 sub-critical mass limit was determined. Tables 5-7 show the composition 
of the spheres used in the models. 

Table 5. The composition of the spheres with log of Pu-239; 

Table 6. The composition of the spheres with 20g of Pu-239. 

Table 7. The composition of the spheres with 30g of Pu-239. 

!I Carbon weight fraction 0.3236 I I394 1 0.424856737 1 0.438469 126 I 0.44 19 106 18 1 0.44320934 11 
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Results 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. Tables 8-10 provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (G), and Figures 1-3 plot the k,, +2 G values for all studied cases (log, 2Og, and 30g). 

Table 8. The neutron multiplication factor (kcff) values and their standard deviations (0) for the boxes with 10 
g of PU-239. 

u 
Table 9. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 20 

Table 10. The neutron multiplication factor (k,J values and their standard deviations (0) for the boxes with 
30 g of PU-239. 

-4 
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Figure 1. k,, +20 for the boxes with 10 g of Pu-239 

100% densrty cellulose 
outside plutonium mxtura 

e void outside plutonium 
nixture 

R, cm 

Figure 2. k,, +20 for the boxes with 20 g of Pu-239 . 

. . . .  

0.0 

0.0 5.0 10.0 15.0 20.0 
R, cm 

100% density cenubse 
outside plutonium mixture 

e void outside plutonium 
mixture 
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Figure 3. keff +20 for the boxes with 30 g of Pu-239. 

100% density cellulose 
outside plutonium nixture 

0 void outskie plutonium 
rrixture 

I 

The criterion for the Pu-239 mass limit is: 
kL.. + 20 X k, - A  kh - 

Where: 
k,, = neutron multiplication factor predicted by MCNP 
CT = standard deviation of predicted k,, 
k, = 0.95 = established allowable limiting neutron multiplication factor 
d k,, = calculation method bias 
o h  = bias uncertainty 

The calculation method bias together with bias uncertainty (d kh + ah) is no more than 0.02. Thus the criterion 
(8) can be modified as: 

Where: 
k,, = neutron multiplication factor predicted by MCNP 
o = standard deviation of predicted k,, 

kclr + 20 I 0.93 (9) 

To determine the Pu-239 mass limit, the maximum values of krff +20 as a function of Pu-239 mass (Table 
11) were approximated with a polynomial equation, which is shown on Figure 4. 
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Table 1 1. The maximum values of k,,f +20 as a function of Pu-239 mass. 

Figure 4. The maximum values of k,, +20 as a function of Pu-239 mass. 

I 

0 10 20 30 40 

Mass of Pu-239, g 

y = -6.0655E-04~~ + 4.4699E-02~ + 2.2137E-01 
# = 1.0000E+00 

Solving the polynomial equation from Figure 4 determines the Pu-239 mass limit as 23g per box. To check 
this result, another set of MCNP runs was performed. Table 12 shows the composition of the Plutonium 
containing spheres, and Table 13 and Figure 5 show the calculation results for the arrays of boxes with 23g of 
PU-239. 
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Table 13. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 
23 g of Pu-239. 

Figure 5.  k,, +20 for the boxes with 23g of Pu-239. 

I 1.2 

0.0 I I I I 
0.0 5.0 10.0 15.0 20.0 

R, cm 

+ 100% density cellulose 
outside plutonium rrixture 

0 void outside plutonium 
mxture 

I 

I 

The k,, +20 vaiues in Table 13 confirm that 23g of Pu-239 is a sub-critical mass limit for ~0 x 
of 1-cubic-foot boxes with Pu-239-cellulose spheres and pure cellulose or void outside the sphere. 

x 12 ft arrays 
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C 
C 
C 

C 
C 
4 
5 
6 
C 
C 
7 
C 
C 
C 

C 
C 

3b091 
eff, 23g of Pu-239 in cellulose spheres in 1 cubic foot of pure celulose 

Cell cards 

0 1 -2 3 -4 5 -6 fill=2 imp:n=l $ box with lattice 
2 -2.3 1 -2 3 -4 -5 I imp:n=l $ Concrete floor 
0 -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 

Universe 1 
3 -0.744495 -8 u = l  imp:n=l 1 Pu-239 and cellulose sphere 
3 -0,744495 -9 u=l imp:n=l $ 2 Pu-239 and cellulose sphere 
1 -0.72 8 9  u=? imp:n=l S Pure Cellulose 

Lattice (2 spheres with Pu-239 in 2 cubic feet of cellulose matrix) 
0 10 -11 12 -13 14 -15 lat=l fill=l u=2 imp:n=l $ Lattice 

'1 px 0.001 
*2 DX 30.481 S box lenath (1 foot) 
*3 by 0.001 
'4 py 30.481 $ box width (1 foot) 
5 pz 0.001 
6 pz 365.761 $ box height (12 feet) 
C More thnan 350.52cm (11.5 feet) - 4 tiers of B-25 box height 
C (4~34.5" or 4~87.63 cm) 
7 pz -300 $ concrete floor boundary 
8 s 6.0 6.0 24.48 6.0 $ 1st Pu-239 containing sphere 
9 s 6 . 0  6.0 36.48 6.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 30.48 
12 PY 0 
13 py 30.48 
14 pz 0 
15 pz 60.96 $ 2 feet c ____-____-______________________________-------------------------------- 

c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
C 
C 
c Celulose matrix (Elements: C, H, 0 )  

C 

C 

ml 6000.50~ -0.444 
1001.50~ -0.062 
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c [Elements: H, 0, Na, Si, A l ,  Ca, Fe) 
m2 1001.5oc -0.010 

8016.50~ -0.532 
11023.50C - 0 . 0 2 9  
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -,0.014 

c Pu-239 and cellulose 
m3 94239.55~ -0.034144719 

6000.50~ -0.429279207 
1001.50~ -0.060041974 
8016.50~ -0.4765341 

C 
mode n 
print 40 60 80 100 110 126. 
kcode 4000 1. 20 120 
ksrc 6.0 6.0 24.48 

6.0 6.0 36.48 
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Attachment 3: MCNP output file 

WVNS-NCSE-001 
REV. 0 

, 



lmcnp version 4a ld=10/01/93 02/14/01 01:32:16 
+*t*ttl***.t*.**tft*~*******,~***,***.*~*~.*"..*."~***~*.~*"*.~**~***"~~~ 

name=3b091 

1- 
2- 
3- 
4- 
5- 
6- 
7 -  
8- 
9 -  
10- 
11- 
13- 
13- 
14- 
15- 
16- 
17- 
18-  
19- 
20- 
21- 
22- 
23- 
24- 
25- 
26- 
27- 
28- 
29- 
30- 
31- 
32- 
3 3 -  
34- 
35- 
36- 
37- 
3 8 -  
39- 
40- 
41- 
42- 
4 3 -  
44- 
45- 
46- 
4'7- 
48- 
49- 
50- 
51- 
52- 
53- 
54 - 
5 5 -  
56- 
57 - 

k eff, 23g of Pu-239 in cellulose spheres in 1 cubic foot of pure celulose 
C 
C Cell cards 
C 
c ____________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
1 0 1 -2 3 - 4  5 -6 fill=2 . imp:n=l $ box with lattice 
2 2 -2.3 1 -2 3 -4 -5 I imp:n=l $ Concrete f l o o r  
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 
C 
c Universe 1 
4 3 -0,744495 -8 
5 3 -0.744495 -9 

u = l  imp:n=l $ 1 Pu-239 and cellulose sphere 
u=l imp:n=l $ 2 Pu-239 and cellulose sphere 

6 1 -0.72 8 9  u = l  iip:n=l S pure Cellulose 

c Lattice (2 spheres with Pu-239 in 2 cubic feet of cellulose matrix1 
7 0 10 '-11 12 -13 14 -15 lat=l fill=l u.2 imp:n=l $ Lattice 
c _-__-___________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 
C 

c Surface cards c - -_ - - -__- - - - - -  
e 1  px 0.001 
'2 px 30.481 S 
'3 py 0.001 
*4 py 30.481 $ 
5 pz 0.001 
6 pz 365.761 $ 
C 
C 

. -  ____________________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

box length (1 foot) 

box width (1 foot1 

box height (12 feet1 
More than 350.52cm (11.5 feet) - 4 tiers of B-25 box height 
(4~34.5" or 4~87.63 cm) 

7 pz -300 S concrete floor boundary' 
8 s 6.0 6.0 24.48 6.0 $ 1st Pu-239 containing sphere 
9 s 6.0 6.0 36.48 6.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 30.48 
12 PY 0 
13 py 30.48 
14 pz 0 
15 pz 60.96 $ 2 feet 
c -__-_-_--___-___-_______________________-------------------- 

C 

C 
c Note: next line must be completely blank 

c Data cards 

c Materials 
c <  
C 
c Celulose matrix (Elements: C, H, 0 )  
ml 6000.50~ -0.444 

8016.50~ -0.493 

C 

1001.50C -0.062 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H. 0 .  Na. Si. Al. Ca. Fe) 

probid = 02/14/01 01:32:16 

E 5  c z  ' c n  

I 
0 
0 
t-J 58- m2 1001.50~ -0.010 



59- 8016.50~ -0 .532 
6 0 -  
61- 
62- 

11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 

63- 20000.50~ -0.044 
64- 26000.55~ -0.014 
65- c Pu-239 and cellulose 
6 6 -  m3 94239.55~ -0.034144719 

68- 1001.50~ -0.060041974 
69- 8016.50~ -0.4765341 
70- C 
71- mode n 
72- print 40 60 80 100 110 126 
73- _I kcode 4000 1. 20 120 
74- ksrc 6.0 6.0 24.48 
75- 6.0 6.0 36.48 
76- 

67- 6000.50~ -0.429279207 

total f i s s i o n  nubar data are being used. 
lmaterial composition 

the sum of the fractions of material 1 was 9.990000E-01 

materia 1 
number component nuclide, atom fraction 

1 6000, 0.28588 1001, 0.47576 8016, 0.23837 
8016, 0.56324 11023, 0.02136 13027, 0.02139 2 1001, 0.16803 

14000, 0.20319 20000, 0,01859 26000, 0.00425 
3 94239, 0.00114 6000, 0.28535 1001, 0.47565 8016, 0.23786 

materia 1 
number component nuclide, mass fraction 

1 6000, 0.44444 1001, 0.06206 8016. 0.49399 
2 1001. 0.01000 8016, 0.53200 11023, 0.02900 13027, 0.03400 

14000, 0.33700 20000, 0.04400 26000, 0.01400 
3 94239. 0.03414 6000, 0.42926 1001, 0.06004 8016. 0.47653 

warning. 1 of the materials had unnormalized fractions. 
lcells 

atom gram neutron 
cell mat density density volume mass pieces importance 

1 1 0 0.00000E+00 0.00000E+00 3.39802E+05 0.00000E+00 0 1.0000E+00 
2 2 2 8.17913E-02 2.3000OE+00 2.78710E+05 6.41033E+05 0 1.0000E+00 
3 3 0 0.00000E+00 0.00000E+00 0.00000Ec00 0.00000E+00 0 0,0000E+00 
4 4 3 .5.61552E-02 7.44495~-01 9.04779E+02 6.736033+02 1 1.0000E+00 
5 5 3 5.615528-02 7.44495E-01 9.04779E+02 6.73603Et02 1 1.0000E+00 

7 7 0 0.000OOE+00 0.000OOE+00 5.66337E+04 0.00000E+00 0 1.0000E+00 
6 6 1 5.61219E-02 7.20000E-01'0.00000E+OO 0.00000E+00 0 1.0000E+00 

total 6.76955E+05 6.42380E+05 

1 warning message so far. 
lcross-section tables 

print table 40 

print t.able 60 

print table 100 O I  



cable length 

1153 
16126 
23669 
36270 
22891 
48275 
26104 
84136 
67551 

tables from file critxs 

total nu 

( 1301) 
( 1306) 

( 1276) 
( 13111 
( 1313) 
I 1314) 
I 13201 
( 260) 

( 1399) 

79/07/31. 
79/07/31. 

79/06/21. 
79/09/08. 
79/06/21. 
79/06/22. 

05/14/81 

10/21/82 
02/21/85 

total " 326175 

warning. neutron energy cutoff is below some cross-section tables. 

decimal words of dynarnically allocated storage 

general 111136 
tallies 0 
bank 12403 
cross sections 326175 

total 449714 

.t/**t*t**..t**r.***..**"*.**"*~.**~,~**"******.*~**~.**,,.**"~~*,***,***.*~"*,**~*,"*~**~**"*""*~****~****.~".***~*.*" 

dump no. 1 on file 3b091r nps = 0 coll = 0 ctm = 0.00 nrn = 0 

source distribution written to file 3b091s cycle = 0 

2 warning messages so far. 
1 starting mcrun. field length = 0 cpo = 0.01 print table 110 

k eff, 239 of Pu-239 in cellulose spheres in 1 cubic foot of pure celulose 

Y z V W time nps x cell lattice(i.j,k) surface u energy weight 

1 6.000Ec00 
6.000E+00 
6.000E+00 

2 6.000E+OO 
6 . 0 0 0 E + 0 0  
6.000E+00 

3 6.000E+00 
6.000E+00 
6.000E+OO 

4 6.000E+00 
6.000E+00 
6.000E+00 

5 6.000E+00 
6.000E+00 
6,000E+00 

6 6.000E+00 
6.000E+00 

6.000E+00 
6.000.E+00 
6.000E+00 
6.000E+OO 
6.OOOE+OO 
6.000E+00 
6.000E+00 
6 .  OOOEcOO 
6.300Ec00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 

2.448E+01 
2.448E+01 
2.448Ec01 
2.448E+01 
2.4481+01 
2.448E+01 
2.4488+01 
2.448E+01 
2.448Et01 
2.448Et01 
2.448E+01 
2.448E+01 
2.448E+01 
2.448Et01 
2.4481+01 
2.448E+01 
2.448E+01 

1 
7 (  
4 
1 
7 (  
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 

0, 

0 ,  

0. 

0. 

0 .  

0, 

5 .b85E-01 4.7333-01 7.193E-01 2.209E+00 1.000E+00 0,00OE+00 
0 )  5.085E-01 4.7333-01 7.1938-01 

0 5.085E-01 4.733E-01 7.193E-01 

01 8.952E-01 -4,447E-01 -2,9443-02 
0 8.952E-01 -4.447E-01 -2.944E-02 

0 )  -6.184E-01 -4.495E-01 6.446E-01 
0 -6,1843-01 -4.495E-01 6.446E-01 

0) '9.71OE-01 -5.6653-02 -2.3233-01 
0 9.710E-01 -5.665E-02 -2.323E-01 

01 5.8613-01 1.4963-01 -7.963E-01 
0 5.861E-01 1.496E-01 -7.963E-01 

0 )  -6.489E-02 -1.6263-01 9.845E-01 

8,9528-01 -4.4478-01 -2.944E-02 4.904E+00 1.000E+00 0.000E+00 

-6.184E-01 -4.495E-01 6.446E-01 3.8098-01 1.000E+00 0.000E+00 

9.710E-01 -5.665E-02 -2.323E-01 1.331E+00 1.000E+00 0.000E+00 

5.8613-01 1.4963-01 -7.963~-01 I . ~ O ~ E + O O  ~.OOOE+OO O.OOOE+OO 

-6.489E-02 -1.626E-01 9.845E-01 4.410E-01 1.000E+00 0.000E+00 

n rn 
m 

1 
0 
0 
P 



. 

7 

A 

9 

10 

11 

12 

13 

14 

15 

1 6  

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

6.000E+00 
6.000E+00 
6.000E+00 
6.OOOE+OO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.0003+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.0OOk+OO 
'6.000E+00 
6.000E+00 
6.000E+00 
6.000Et00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000Et00 
6.000Et00 
6.000E+00 
6.000E+00 
6.000Ei00 
6.000E+00 
6. OOOE+OO 
6 .  OOOE+OO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.0OOE?OO 
6.000E+00 
6 .  OOOEeOO 
6.000E+00 
6.000E+00 
6 .  OOOEcOO 
6.000E+00 
6.000E+00 
6.000E+00 
6 .  OOOEcOO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.0OOE+00 
6.000E+00 

6.000E+00 2.4488+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448Et01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.4483+01 
6.000E+00 2.4483+01 
6.000E+00 2.4483+01 
6.000E+00 2.448E+01 
6.000Et00 2.448E+O1 
6.000E+00 2.448Et01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.4483+01 
6.000Ec00 2.448E+O1 
6.00,0E+00 2.4483+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E400 2.448EtOl 
6.000Et00 2.448E+01 
6.000Ec00 2.448E+01 
6.000E+00 2.4483+01 
6.000E+00 2.4481+01 
6.000E+00 2.448E+01 
6.000E+00 2.44RE+01 
6.000E+00 2.448Et01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.0003+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000€+00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.448E+01 
6.000Et00 2.4483+01 
6.000E+00 2.448E+Ol 
6.000Ec00 2.448Et01 
6.000E+00 2.4486+01 
6.000E+00 2.448E+01 
6.000Ec00 2.4488+01 
6.000Et00 2.448Et01 
6.000E+00 2.4483+01 
6.000E+00 2.4483+01 
6.0003+00 2.448E+01 
6.000E+00 2.448E+01 
6.000Ee00 2.448E+01 
6.000E+00 2.448E+Ol 
6.000Ec00 2.448E+01 
6.000E+00 2.448E+01 
6.000E+00 2.4483+01 
6.000E+00 2.4483+01 
6.000E+00 2.448&+01 
6.000E+00 2.4483+01 
6.000E+00 2.448Ec01 

4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7 (  
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7 (  
4 
1 
7( 
4 
1 
7 (  
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 

0,  0.  

0, 0. 

0 '  0 ,  

0.  0.  

0 ,  0 ,  

0 ,  0.  

0.  0 .  

0.  0 .  

0, 0 .  

0.  0.  

0, 0 ,  

0.  0.  

0. 0. 

0, 0, 

0 ,  0. 

0. 0, 

0.  0.  

0. 0. 

0, 0.  

0.  0, 

01 

0 )  

01 

0 )  

0 -6.489E-02 -1.6268-01 9.845E-01 
-7.068E-02 3.263E-02 -9.970E-01 
-7.0683-02 3.2633-02 -9.970E-01 

0 -7.068E-02 3.263E-02 -9.970E-01 
-3.915E-01 4.6643-01 -7.932E-01 
-3.3153-01 4.664E-01 -7.9323-01 

0 -3.9158-01 4.6646-01 -7.9328-01 
-2.368E-01 9.2153-01 -3.079E-01 
-2,3683-01 9.215E-01 -3.079E-01 

0 -2,3683-01 9.2151-01 -3.0793-01 
1.9463-01 -3.204E-01 9.271E-01 
1.946E-01 -3.2043-01 9.271E-01 

0 1.946E-01 -3.2043-01 9.2718-01 
-6,6983-01 -7.177E-01 -1.905E-01 
-6.698E-01 -7.177E-01 -1.905E-01 

0 -6.698E-01 -7.177E-01 -1..905E-01 
-8.398E-01 -4.129E-01 3.524E-01 
-8.398E-01 -4.129E-01 3.5243-01 

0 -8.398E-01 -4.129E-01 3.524E-01 
-1.714E-01 -8.572E-01 4.857E-01 
-1.714E-01 -8.572E-01 4.8578-01 

0 -1.714E-01 -8.572E-01 4.857E-01 
-2.489E-01 -5.118E-01 -8.222E-01 
-2.489E-01 -5.118E-01 -8.222E-01 

0 -2.489E-01 -5.118E-01 -8.222E-01 
-2.959E-01 2.119E-01 9.314E-01 
-2.9598-01 2.119E-01 9.314E-01 

0 -2.9598-01 2.119E-01 9.314E-01 
1.395E-01 -9.829E-01 1.202E-01 
1.3951-01 -9.829E-01 1.202E-01 

0 1.395E-01 -9.829E-01 1.202E-01 
6.909E-01 -7.110E-01 1.307E-01 
6.9093-01 -7.110E-01 1.307E-01 

0 6.9093-01 -7.110E-01 1.307E-01 
-6.580E-01 5.3203-01 -5,3293-01 
-6.5803-01 5.320E-01 -5.3293-01 

0 -6.5803-01 5.320E-01 -5.329E-01 
-9.903E-01 -1.380E-01 1.353E-02 
-9.903E-01 -1.380E-01 1.3533-02 

0 -9.903E-01 -1.380E-01 1.3533-02 
7.462E-01 4.859E-01 -4.5513-01 
7.462E-01 4.859E-01 -4.551E-01 

0 7.4623-01 4.8598-01 -4.551E-01 
-1.977E-01 9.797E-01 3.360E-02 
-1.977E-01 9.7973-01 3.360E-02 

0 -1.977E-01 9.7973-01 3.3608-02 
-9.117E-01 -3.64715-01 -1.891E-01 
-9.117E-01 -3.6478-01 -1.891E-01 

0 -9.117E-01 -3.6473-01 -1.891E-01 
-4.2873-01 8.3616-01 -3.423E-01 
-4.2873-01 8.361E-01 -3.4233-01 

0 -4.287E-01 8.361E-01 -3.423E-01 
1.080E-01 3.412E-01 -9.3383-01 
1.080E-01 3.412E-01 -9,3383-01 

0 1.080E-01 3.412E-01 -9.3388-01 
-9.1113-01 -9.012E-03 -4.122E-01 
'-9.111E-01 -9.012E-03 -4.122E-01 

0 -9.111E-01 -9.0123-03 -4,1223-01 
-2.5683-01 -6.3913-01 -7.2493-01 
-2.568E-01 -6.3913-01 -7.249E-01 

0 -2.568E-01 -6.391E-01 -7.249E-01 
-2.9123-01 8.0863-01 5.113E-01 

9.7503-01 

4.136E+00 

7.453E-02 

3.128Ec00 

1.014E+00 

1.395Ec00 

7.748E-01 

l,101E+00 

1.951E+00 

2.186E+00 

1.865E+00 

1.229E+00 

1.305E+00 

l.OOOE+OO 

3.990Et00 

2.665E-01 

1.156E+00 

2,669Et00 

2.185E+00 

4.2253+00 

1.079E+00 



i ' I ,  '. c 
28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40  

41 

42 

43 

4 4  

45 

46 

47 

6.000E+00 
6.000E+00 
6.000E+OO 
6.000E+00 
6 I OOOE+00 
6.0OOE+OO 
6.000E+00 
6.000E+00 
6 ,  OOOEcOO 
6 .  OOOEIOO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
,6.000E+00 
6.000E+00 

' 6.0OOE+00 
6.0OOE+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+OO 
6.000E+00 
6.000E+00 
6.000E+00 
6 .  OOOEIOO 
6.000E+00 
6 .  OOOEtOO 
6.OOOE+OO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000Et00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+OO 
6.000E+00 
6. OOOEcOO 
6.000E+OO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6. OOOEcOO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 

6 .  OOOEcOO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6,000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+OO 
6.000E+00 
6.OOOE+OO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+OO 
6.000E+00 
6.0OOE+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000Et00 
6.000E+00 
6.000Et00 
6.000Ec00 
6.000E+00 
6.000E-rOO 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6.000E+00 
6 .  OOOE+OO 
6 .  OOOEcOO 
6.000E+00 

71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 

0 .  

0, 

0. 

0, 

0. 

0 .  

0, 

0, 

0, 

0, 

0. 

0, 

0. 

0, 

0. 

0 ,  

0.  

0 ,  

0, 

0. 

0.  

-2.9123-01 8.0863-01 5.113E-01 
0 -2.912E-01 8.0863-01 5.113E-01 

1.4726-01 -9.514E-01 2.705E-01 
1.4723-01 -9.514E-01 2.705E-01 

0 1.4723-01 -9.514E-01 2.705E-01 
-6.135E-01 -7,6458-01 -1,9788-01 
-6.135E-01 -7.645E-01 -1.978E-01 

0 -6.1358-01 -7.6453-01 -1.978E-01 
-5.702E-01 5.651E-01 -5.963E-01 
-5.7023-01 5.6518-01 -5.9638-01 

0 -5.7023-01 5.651E-01 -5.9636-01 
-6.6073-01 5.373E-01 -5.242E-01 
-6.607E-01 5.373E-01 -5.2428-01 

0 -6.6073-01 5.373E-01 -5.2423-01 
-9.7428-02 -3.639E-01 -9.2633-01 
-9.742E-02 -3.639E-01 -9.2638-01 

0 -9.742E-02 -3.6398-01 -9.'263E-01 
-1.965E-01 -3.145E-01 -9.287E-01 
-1.9658-01 -3.145E-01 -9.287E-01 

0 -1.965E-01 -3.145E-01 -9.287E-01 
4.097E-01 8.4653-01 -3,3998-01 
4.097E-01 8.465E-01 -3.399E-01 

0 4.097E-01 8.465E-01 -3.399E-01 
-4.048E-02 8.831E-01 4.675E-01 
-4.048E-02 8.831E-01 4.675E-01 

0 -4.048E-02 8.831E-01 4.675E-01 
3.371E-01 -9.269E-01 -1,6523-01 
3.371E-01 -9.2698-01 -1.652E-01 

0 3.371E-01 -9.269E-01 -1.652E-01 
-1,867E-01 9.756E-01 -1.155E-01 
-1.867E-01 9.7563-01 -1.155E-01 

0 -1.867E-01 9.756E-01 -1.155E-01 
-2.616E-01 2.336E-01 -9.365E-01 
-2.616E-01 2.3363-01 -9.365E-01 

0 -2.616E-01 2.3368-01 -9.365E-01 
9.780E-01 -7.641E-02 -1.939E-01 
9.7808-01 -7.641E-02 -1.939E-01 

0 9.780E-01 -7.641E-02 -1.939E-01 
2.580E-01 -7.076E-01 6.578E-01 
2.580E-01 -7.076E-01 6.578E-01 

0 2.580E-01 -7.076E-01 6.578E-01 
-3.2123-01 -7.678E-01 -5.543E-01 
-3.212E-01 -7,6788-01 -5.543E-01 

0 -3.212E-01 -7.678E-01 -5.543E-01 
5.0393-01 -1.460E-01 8.513E-01 
5.039E-01 -1.460E-01 8.5133-01 

0 5.039E-01 -1.460E-01 8.5133-01 
6.080E-01 5.487E-01 5,7386-01 
6.080E-01 5.487E-01 5.7388-01 

0 6.080E-01 5.487E-01 5.738E-01 
-2.932E-01 9.304E-01 -2.199E-01 
-2.932E-01 9.304E-01 -2.199E-01 

0 -2.932E-01 9.304E-01 -2.199E-01 
-8.475E-01 -3.993E-01 -3.497E-01 
-8.475E-01 -3.993E-01 -3.497E-01 

0 -8.475E-01 -3.993E-01 -3.497E-01 
1.200E-01 -9.195E-01 -3.743E-01 
1.200E-01 -9.1953-01 -3.7433-01 

0 1.200E-01 -9.195E-01 -3.743E-01 
7.085E-01 5.879E-01 3.904E-01 
7.085E-01 5.879E-01 3.9043-01 

0 7.085E-01 5.879E-01 3.904E-01 

3.461E+00 

1.836E+OO 

4.5563-01 

6.415E-01 

2.764E+OO 

2.785E-01 

9.097E-01 

3.360E-01 

6.376E-01 

2.186E+00 

7.314E-01 

2,9973-01 

1.444E+00 

1.914E+00 

1.502Et00 

5.9718+00 

1.827E+00 

1.928E+OO 

1.351E+00 

2.288Ec00 

1. OOOEtOO 

1.000Et00 

1.000Et00 

1.000E+00 

1.000E+00 

1.000Et00 

1.000E+00 

1.000E+00 

1.000E+00 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

1.000E+00 

1.000E+00 

1. OOOEtOO 

l.OOOE+OO 

1.000Et00 

1.000E+00 

1.000E+00 

1.000E+00 

U.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

O . O O O E + O O  

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

0. OOOELOO 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 
0 
0 
P 



48 6.000E+00 
6.000E+00 
6.000E+00 

49 6.000E+00 
6. OOOE+OO 
6.000E+00 

50 6 ..000E+00 
6.000E+00 
6.000E+00 

lestimated keff 

6.000E+00 
6.000E+00 
6.000PtOO 
6.000E+00 
6.000E+00 
6.000E+00 
6.OOOE+OO 
6.000E+00 , 
6.000E+00 
results by 

2.4488+01 
2.4483+01 
2.448E+Ol 
2.448E+01 
2.4486+01 
2.448E+01 
2.448E+01 
2.448E+01 
2.448E+01 
cycle 

source distribution written to file 3 

1 
7( 
4 
1 
7 (  
4 
1 
7( 
4 

:b091s 

4.2613-01 9.046B-01 9.254B-03 1.230E+00 1.000Et00 0.000E+00 
0. 0, 0 )  4,2613-01 9.0463-01 9.254E-03 

0 4.261E-01 9.0468-01 9.254E-03 

0, 0, 01 5.431E-01 4.2703-01 -7.230E-01 
0 5.431E-01 4.270E-ql -7.2308-01 

0, 0, 0 )  -1.053E-01 -9.805E-01 1.658B-01 
0 -1.053E-01 -9.805E-01 1.658E-01 

5.431~-01 4.270E-01 -7.230E-01 1.433E+00 1.000E+00 0.000E+00 

-1.053E-01 -9.8053-01 1.658E-01 6.572E-01 1.000E+00 0.000E+00 

print table 175 

cycle = 20 

source distribdtion written to file 3b091s cycle = 22 

source distribution written to file 3b091s cycle = 2 4  

source distribution written to file 3b091s cycle = 26 . 

source distribution written to file 3b091s cycle = 28 

source distribution written to file 3b091s cycle = 30 

* ~ f * ~ * * t * * * * t . * t * * * X * * ~ , * * , ~ * * l * * * ~ * * * ~ ~ * * * , * * * * ~ * + . * * * * * * ~ ~ , , ~ ~ * * * * " " * * ~ ~ * ~ , " * * * * * . " * * " ~ ~ " * * * * ~ * ~ * ~ " , ~ * * * ~ * ~ ~ * *  

dump no. 2 on file 3b091r nps = 121796 coll = 23434846 ctm = 15.48 nrn = 402731811 

source distribution written to file 3b091s cycle = 32 

source distribution written to file 3b091s cycle = 35 

source distribution written to file 3b091s cycle = 37 

source distribution written to file 3bO91s cycle = 39 

source distribution written to file 3b091s cycle = 42 

source distribution written to file 3b091s cycle = 44 

source distribution written to file 3b091s cycle = 46 

source distribution written to file 3b091s cycle = 4 8  

source distribution written to file 3b091s cycle = 50 

source disbribution written to file 3b091s cycle = 52 

source distribution written to file 3b091s cycle = 54 

source distribution written to file 3b091s cycle = 56 

source distribution written to file 3b091s cycle = 58 

source distribution written to file 3b091s cycle = 60 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

dump no. 3 on file 3b091r nps = 241868 coll = 46581731 ctm = 30.79 n m  = 800491263 

source distribution written to file 3b091s cycle = 62 

source distribution written to file 3b091s cycle = 64 

i 

1 



source distribution written to file 3b091s cycle = 66 

source distribution written to file 3b091s cycle = 68 

source distribution written to file 3b091s cycle = 70 

source distribution written to file 3b091s cycle = 72 

source distribution written to file 3b091s cycle = 74 

source distribution written to file 3b091s cycle = 76 

source distribution written to file 3b091s cycle = 78 

source distribution written to file 3b091s cycle = 80 

source'distribution written to file 3b091s cycle = 82 

source distribut-ion written to file 3b091s cycle = 84 

source distribution written to file 3b091s cycle = 86 

source distribution written to file 3b091s cycle = 88 

source distribution written to file 3b091s cycle = 90 

* * *  l l t * * * * ~ ~ * * . * f * . * . ~ . ~ * ~ ~ ~ ~ ~ ~ . . , ~ ~ * * ~ ~ * * ~ * * ~ ~ * ~ ~ . ~ . * * ~ . ~ " . . ~ . ~ * ~ . ~ ~ * ~ * ~ ~ " * ~ * ~ ~ ~ ~ * * ~ * ~ ~ , * * ~ ~ * * * ~ * . ~ ~ ~ . ~ ~ ~ . . . " ~ . . . * . ~ * ~  

dump no. 4 on file 3b091r nps = 362064 coll = 69787976 ctm = 46.20 nrn = 1199359392 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

estimator cycle 100 ave of A0 cycles 
klcollision) 0.461653 0.477773 0.0029 
k(absorption) 0.460661 0.475302 0.0028 
kftrk length) 0.460616 0.478601 0.0029 
rem life(co1) 3.9599E+04 3.8559E+04 0.0025 
rem life(abs) 3.9570E+04 3.85588+04 0.0024 
source points generated 3779 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

- source distribution written to file 3b091s 

source distribution written to file 3b091s 

source distribution written to file 3b091s 

cycle = 92 

cycle = 94 

cycle = 96 

cycle = 98 

combination simple average combined average corr 
k (col/abs) 0.476537 0.0024 0,476507 0.0025 0,4291 
k(abs/tk In) 0.476951 0.0024 0.476855 0.0025 0.3534 
kftk ln/col) 0.478187 0.0029 0.477981 0.0029 0.9524 
k(col/abs/tk In) 0.477225 0.0024 0.476858 0.0025 
life(col/abs) 3.8558E+04 0.0025 3.8557E+04 0,0024 0.3810 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

100 

102 

105 

107 

109 

111 

113 

115 

0 2  

m 
c) 
Cn 

1 
0 
0 
P 



estimator cycle 116 ave of 96 cycles 
k(col1ision) 0.469375 0.477921 0.0027 
k(absorption) 0.474766 0.475115 0.0025 
k(trk length) 0.475075 0.478775 0.0028 
rem life(co1) 3.9388E+04 3.8497E+04 0.0023 
rem life(abs) 3.9514E+04 3.8495&+04 0,0022 
source points generated 3864 

estimator cycle 117 ave of 97 cycles 
k ( col 1 i sion ) 0.460728 0.477743 0.0027 
k(absorption) 0.465985 0.475021 0.0025 
k(trk length) 0.959830 0.478580 0.0028 
rem life(co1) 3.8392E+04 3.8496Ec04 0.0023 
rem lifec'abs) 3.83998+04 3.8494E+04 0,0022 
source points generated 3891 

source distribution written to file 3b091s 

estimator cycle 118 ave of 98 cycles 
k(col1ision) 0.478320 0.477749 0.0026 
k(absorption) 0.461995 0.474883 0.0025 
k(trk length) 0.475915 0.478547 0.0027 
rem life(co1) 3.9022E+04 3.8501E+04 0.0023 
rem life(abs) 3.8749E+04 3.8496E+04 0.0022 
source points generated 4070 

estimator cycle 119 ave of 99 cycles 
k(col1ision) 0.476132 0.477733 0.0026 
k(absorption) 0.487653 0.475014 0.0025 
k(trk length) 0.470695 0.478468 0.0027 
rem life(co1) 3.9214E+04 3.85088+04 0.0023 
rem life(abs) 3.92213+04 3.8504Et04 0.0022 
source points generated 3970 

source distribution written to file 3b091s 

estimator cycle 120 ave of 100 cycles 
k(col1ision) 0.482516 0.477781 0.0026 
k(absorption) 0.493342 0.475197 0.0025 
k(trk length) 0.486540 0.478549 0.0027 
rem life(co1) 3.8532E+04 3.8509E+04 0.0023 
rem life(abs) 3.86913+04 3.85063+04 0.0022 
source points generated 4059 

combination simple average 
k(col/abs) 0.476518 0.0022 
k(abs/tk In) 0.476945 0.0022 
k(tk lnfcol) 0.478348 0.0027 
k(col/abs/tk In) 0.977270 0.0023 
life(col/abs) 3.8496E+04 0.0023 

combination simple average 
k(col/abs) 0.476382 0.0022 
k(abs/tk In) 0.476800 0.0022 
k(tk ln/col) 0.478161 0.0027 
k(col/abs/tk In) 0.477115 0.0023 
life(col/abs) 3.84958+04 0.0023 

cycle = 117 

combination 
k (col /abs) 
k(abs/tk In) 
k(tk ln/col) 
k(col/abs/tk In) 
1 if e (col/abs) 

combination 
k(col/abs) 
k(abs/tk In) 
k(tk ln/col) 
k(col/abs/tk In) 
life(col/abs) 

cycle = 119 

combination 
k(col/abs) 
k(abs/tk In) 
k(tk ln/col) 
k(col/abs/tk In) 
life(col/abs) 

source distribution written to file 3b091s cycle = 120 
lproblem summary 

run terminated when 120 kcode cycles were done 

simple average 
0.476316 0.0022 
0.476715 0.0022 
0.478148 0.0027 
0.477060 0.0023 

3.8499E+04 0.0022 

simple average 
0.476373 0.0022 
0.476741 0.0022 
0.478100 0.0026 
0.477071 0.0023 

3.8506E+04 0.0022 

simple average 
0.476489 0.0022 
0.476873 0.0022 
0.478165 0.0026 
0.477175 0.0022 

3.85078+04 0.0022 

combined average 
0.476347 0.0023 
0.476648 0.0023 
0.478057 0.0028 
0.476593 0.0023 

3.8493E+04 0.0022 

combined average 
0.476198 0.0023 
0.476485 0.0023 
0.477859 0.0027 
0.476427 0.0023 

3.84928+04 0.0022 

combined average 
0.476142 0.0023 
0.476411 0.0023 
0.477860 0.0027 
0.476344 0.0023 

3.8493E+04 0.0022 

combined average 
0.476225 0.0022 
0.476471 0.0023 
0.477827 0.0027 
0.476419 0.0023 

3.85008+04 0.0022 

combined average 
0.476375 0.0022 
0.476638 0.0022 
0.477870 0.0027 
0.476560 0.0023 

3.8504E+04 0.0021 

+ 02/14/01 
probid = 02/14/01 k eff. 23g of Pu-239 in cellulose spheres in 1 cubic foot of pure celulose 

0 
neutron creation 

source 

weight window 
cell importance 
weight cutoff 
energy importance 

tracks 

478329 

0 
0 
0 
0 

tracks weight energy neutron loss 
(per source particle) 

1.0035E+00 2.1171Ec00 escape 1 
0 energy cutoff 

time cutoff 0 
0. 0. weight window 0 
0. 0. cell importance 0 

0 .  0. energy importance 0 
1.6655E-01 4.1050E-06 weight cutoff 478328 

corr 
0.4697 
0.4134 
0.9549 

0.9826 

corr 
0.4746 
0.4193 
0.9558 

0.9826 

corr 
0.4709 
0.4192 
0.9554 

0.9822 

corr 
0.4665 
0.4090 
0.9543 

0.9823 

corr 
0.4665 
0.4130 
0.9541 

0.9821 

02: 33 :28 
01 :32: 16 

weight energy 
(per source particle) 

7.7091E-07 3.3148E-15 
0. 0. 
0. 0 .  
0. 0. 
0. 0. 
1.66743-01 2.5120E-08 
0. 0. 



dxtran 
forced collisions 
exp. transform 
upscattering 

(n.xn1 
fission 

total 

0 0. 
0 0. 
0 0. 
0 0. 

0 0. 
0 0. 

78329 1. 

0. dxtran 0 0. 0. 
0. forced collisions 0 0. 0. 
0. exp. transform 0 0. 0. 
9.8846E-07 downscattering 0 0. 2.09383+00 

capture 0 8.3840E-01 2.1780E-02 
loss to In,xn) 0 0. 0. 

0 1.6490E-01 1.4658E-03 
700E+00 2.1171E+00 total 478329 1.1700E+00 2.1171E+00 

0.. 
0. loss to fission 

number of neutrons banked 0 
neutron tracks per source particle l.OOOOE+OO 
neutron collisions per source particle 1.9285E+02 
total neutron collisions 92248037 
net mu1 t ipl icat ion ' 1.0000E+00 0.0001 

computer time so far in this run 61.19 minutes 
computer time in mcrun 61.18 minutes 
source particles per minute 7.8187Et03 
random numbers generated 1585406429 

range of sampled source weights = 8.9047E-01 to 2.1075E+00 
lneutron activity in each cell 

average lifetime, shakes 
escape 8.30506+04 
capture 3.85013+04 
capture or  escape 3.8501Ec04 
any termination 4.72113+04 

maximum number ever in bank 
bank overflows to backup fil'e 
field length 
most random numbers used was 

cutoffs 
tco 1.0000E+34 
eco 0.0000E+00 
wcl -5.0000E-01 
W C ~  -2.50003-01 

0 
0 
0 

25752 in history 116468 

print table 126 

average average tracks population collisions collisions number flux 
cell entering weight weighted weighted track weight track mfp 

(per history) energy energy (relative) (cm) 

1 1 0 0 0 O.OOOOE+OO 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
2 2  124800 47845 3323677 3.2437E+OO 2.5327E-05 1.54223-01 4.86768-01 1.92773+00 
4 4  647884 317146 2148009 3.64493+00 4.84203-04 8.92746-01 8.9390E-01 3.8132E+00 
5 5  635668 311677 2107966 3.5894E+00 4.85313-04 8.97353-01 8.9577E-01 3.82228+00 
6 6 4264792 476624 84668385 9,7347E+01 4.7584E-05 2.5670E-01 5.93546-01 1.9554E+00 
7 7 0 0 0 0.0000E+OO 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 

total 5673144 1153292 92248037 1.0783E+02 
lkeff results f o r :  k eff. 23g of Pu-239 in cellulose spheres in 1 cubic foot of pure celulose probid = 02/14/01 01:32:16 

the initial fission neutron source distribution used the 2 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 20 cycles and run a total Of 120 cycles with nominally 4000 neutrons per cycle. 
this problem has r u n  20 inactive cycles with 77946 neutron histories and 100 active cycles with 400383 neutron histories. 

this calculation has completed the requested number of keff cycles using a total of 478329 fission neutron source histories 
all cells with fissionable material were sampled and had fission neutron source points. 

the results of the w test for normality apulied to the individual collision, absorption, and track-length keff Cycle values are: 

the kl collision) cycle values appear normally distributed at the 95 percent confidence level 
the klabsorption) cycle values appear normally distributed at the 95 percent confidence level 
the kltrk length) cycle values appear normally distributed at the 95 percent confidence level 

1 
1 

1 the final estimated combined collision/absorption/track-length keff = 0.47656 with an estimated standard deviation of 0.00108 I 
1 the estimated 68 ,  95, & 99 percent keff confidence intervals are 0.47548 to 0.47764, 0.47441 to 0.47871, and 0.47370 to 0.47942 

1 the estimated collision/absorption neutron removal lifetime = 3.85E-04 seconds with an estimated standard deviation of 8.27~-07 1 I I 
0 
0 



the estimated average keffs, one standard deviations, and 68, 9 5 ,  and 99 percent confidence intervals are: 

keff estimator keff standard deviation 68% confidence 95% confidence 99% confidence corr 

collision 0 . 9 7 7 7 8  0 . 0 0 1 2 4  0 .47654 to 0 . 4 7 9 0 2  0 . 4 7 5 3 1  to 0 . 4 8 0 2 5  0 . 4 7 9 5 0  to 0 . 9 8 1 0 6  
absorption 0 . 9 7 5 2 0  0 . 0 0 1 1 8  0 . 4 7 4 0 1  to 0 . 4 7 6 3 8  0 .47289 to 0 , 4 7 7 5 5  0 .47207 to 0 . 9 7 8 3 2  

track length 0 . 4 7 8 5 5  0 . 0 0 1 2 9  0 . 4 7 7 2 6  to 0 . 4 7 9 8 4  0 . 4 7 5 9 9  to 0 . 9 8 1 1 1  0 . 4 7 5 1 5  to 0 . 4 8 1 9 4  
col/absorp 0 . 4 7 6 3 8  0 . 0 0 1 0 6  0 . 4 7 5 3 1  to 0 . 4 7 7 9 4  0 .47426 to 0 . 9 7 8 4 9  0 .97356 to 0 . 9 7 9 1 9  0 . 9 6 6 5  
abs/trk len 0 . 9 7 6 6 4  0 . 0 0 1 0 7  0 . 4 7 5 5 7  to 0 . 9 7 7 7 1  0 . 4 7 4 5 0  to 0 . 4 7 8 7 7  0 . 9 7 3 8 1  to 0 . 9 7 9 4 7  0 . 4 1 3 0  
colltrk len 0 . 9 7 7 8 7  0 . 0 0 1 2 7  0 .47660 to 0 . 9 7 9 1 4  0 .47534 to 0.48040 0 . 4 7 9 5 1  to 0 . 4 8 1 2 3  0 . 9 5 4 1  

col/abs/trk len 0 . 9 7 6 5 6  0 . 0 0 1 0 8  0 . 4 7 5 4 8  to 0 . 4 7 7 6 9  0 . 4 7 4 9 1  to 0 . 4 7 8 7 1  0 . 9 7 3 7 0  to 0 . 4 7 9 9 2  

if the,laryest of each keff occurred on the next cycle, the keff results and 68, 9 5 ,  and'99 percent confidence intervals would be: 

keff estimator keff standard deviation 68% confidence 95% confidence 99%. confidence 

collision 0 . 4 7 8 1 1  0 . 0 0 1 2 7  0 .47684 to 0 . 4 7 9 3 8  0 . 4 7 5 5 8  to 0 . 4 8 0 6 4  0 . 4 7 4 7 5  to 0.48146 
absorption 0 , 4 7 5 4 9  0 . 0 0 1 2 1  0 . 4 7 4 2 8  to 0 . 9 7 6 7 0  0 . 4 7 3 0 8  to 0 . 4 7 7 8 9  0 . 9 7 2 3 0  to 0 . 9 7 8 6 8  

track length 0 . 4 7 8 9 2  0 . 0 0 1 3 3  0 .47759 to 0 . 4 8 0 2 5  0 .47628 to 0.98156 0 . 4 7 5 4 2  to 0.48242 
collabsltrk len 0 . 4 7 6 7 9  0 . 0 0 1 1 2  0 . 4 7 5 6 6  to 0 . 4 7 7 9 1  0 . 4 7 4 5 5  to 0 . 4 7 9 0 3  0 , 4 7 3 8 2  to 0.47976 

the estimated collisionlabsorption neutron lifetimes, one standard deviations, and 68, 9 5 ,  and 99 percent confidence intervals are: 

type lifetime(sec1 standard deviation 68% confidence 95% confidence 99% confidence 

removal 3 . 8 5 0 9 3 - 0 4  8 .2742E-07 3 .8421E-04 to 3.85863-09  3 . 8 3 3 9 3 - 0 4  to 3.8668E-04 3.8285E-09 to 3.8722E-04 

fission 1.9017E-04 5 .9711E-07 1 .8958E-04 to 1.9077E-04 1 .8898E-04 to 1.9136E-04 1 . 8 8 6 0 3 - 0 4  to 1 . 9 1 7 5 E - 0 4  
escape 8.3050E-06 8 .3050E-06 0 .0000E+00 to 1 . 6 6 1 8 3 - 0 5  O.OOOOE+OO to 2 . 4 8 4 9 E - 0 5  0 .0000E+00 to 3 . 0 2 4 7 8 - 0 5  

capture 3 . 8 5 1 4 3 - 0 9  6 .87976-07  3 .8445E-04 to 3.8582E-04 3.8377E-04 to 3 . 8 6 5 1 3 - 0 9  3 .8332E-04 to 3.8695E-04 

laverage individual and combined collision/absorption/track-length kc 

cycles per number of average keff estimators and deviations 
keff batch k batches k(co1) s t  dev k(abs) st dev k(trk) st dev 

1 1 0 0  1 0 . 4 7 7 8  0 . 0 0 1 2  0 . 4 7 5 2  0 . 0 0 1 2  0 . 4 7 8 5  0 . 0 0 1 3  
2 50 1 0 . 4 7 7 8  0 . 0 0 1 2  0 . 4 7 5 2  0 . 0 0 1 2  0 . 9 7 8 5  0 .0013 
4 2 5  I 0 . 4 7 7 8  0 . 0 0 1 2  0 .9752 0 .0010  0 . 4 7 8 5  0 . 0 0 1 3  
5 2 0  I 0 . 4 7 7 8  0 . 0 0 1 2  0 . 9 7 5 2  0 . 0 0 1 1  0 . 9 7 8 5  0 .0012 

1 0  1 0  I 0 . 4 7 7 8  0 . 0 0 0 9  0 . 9 7 5 2  0 . 0 0 1 2  0 . 9 7 8 5  0 . 0 0 0 7  
20  5 1 0 . 4 7 7 8  0 .0008  0 . 4 7 5 2  0 . 0 0 1 3  0 . 4 7 8 5  0 .0008 
2 5  . 4 I 0 . 4 7 7 8  0 . 0 0 1 3  0 . 4 7 5 2  0.0008 0 . 9 7 8 5  0 . 0 0 1 1  

lindividual and average keff estimator results by cycle 

kef f 
cycle 

neutron keff estimators by cycle 
histories k(col1) k(abs1 k(track1 

5 
6 
7 
8 
9 

1 0  

4000 I 0 . 4 7 8 5 0  
1 8 9 8 . 1  0 . 4 4 0 5 6  
3672 1 0 . 4 7 4 7 8  
4317 1 0 . 4 6 5 0 9  
3973 I 0 . 4 8 1 4 4  
4159 1 0 . 4 9 6 2 8  
4237 0 . 4 9 0 1 0  
3923 I 0 . 4 8 1 0 2  
3909 1 0 . 4 8 1 0 1  
3993 1 0 . 4 6 1 5 3  _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0 . 5 1 0 5 3  
0 . 4 5 6 2 0  
0 .46809 
0 .47972 
0 . 4 8 1 1 7  
0 .47874 
0 . 4 6 7 0 0  
0 . 4 8 9 1 6  

0 . 4 6 5 7 8  
0 . 4 6 8 2 8  

0 . 4 7 3 0 6  
0 . 4 4 4 9 0  
0 . 4 7 8 5 7  
0 . 4 6 8 5 4  
0 . 4 8 1 7 3  
0 . 4 9 1 5 4  
0 .49360 
0 . 4 8 5 7 7  
0 . 4 7 8 9 8  
0 .46274 

I 
I 
I 

1 
.I 

I 

I 
I 
_ _ _  

f results for 7 different batch sizes 

normal i ty averag'e k (c/a / t ) 
co/ab/trk k(c/a/t) st dev 95% confidence 99% confidence 

k ( c/a/ t confidence interva 1 s 

9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  

I 

I 
I 

9 5 / 9 5 / 9 5  I 9 5 / 9 5 / 9 5  I 
9 5 / 9 5 / 9 5  

0 . 4 7 6 5 6  0 . 0 0 1 0 8  0 . 4 7 4 4 1 - 0 . 4 7 8 7 1  0 . 4 7 3 7 0 - 0 . 9 7 9 4 2  
0 . 4 7 6 5 9  0 .00115 0 . 4 7 4 2 8 - 0 . 9 7 8 9 0  0 . 4 7 3 5 1 - 0 . 4 7 9 6 7  
0 . 4 7 6 4 0  0 . 0 0 1 1 0  0 . 4 7 9 1 1 - 0 . 4 7 8 6 9  0 . 4 7 3 2 9 - 0 . 9 7 9 5 1  
0 . 4 7 6 7 1  0 . 0 0 0 9 5  0 . 4 7 4 7 0 - 0 . 4 7 8 7 3  0 . 4 7 3 9 5 - 0 . 4 7 9 9 8  
0 . 4 7 7 7 4  0.00049 0 . 4 7 6 7 0 - 0 . 9 7 8 7 9  0 . 4 7 6 1 9 - 0 . 4 7 9 3 0  
0 . 4 7 7 6 0  0 .00057 0 . 9 7 5 1 5 - 0 . 4 8 0 0 5  0 . 4 7 1 9 5 - 0 . 4 8 3 2 6  
0 .47719 0 .00033 0 . 4 7 2 9 9 - 0 . 9 8 1 4 0  0 . 4 5 6 1 5 - 0 . 4 9 8 2 4  

average keff estimators and deviations 
k(col1) st dev k(abs) st dev kttrack) st dev 

average k(c/a/t) 
k(c/a/t) st dev fom 

1 4 



11 3860 
12 4131 
13 4129 
14 3951 
15 4000 
16 3955 
17 3905 
18 4189 
19 3846 
20 3899 

0.47593 
0.49014 
0.47041 
0.47530 
0.46988 
0.46486 
0.49191 
0.47817 
0.47280 
0.48564 

0.47016 
0.47912 
0.47287 
0.47588 
0.46539 
0.49218 
0.47718 
0.48697 
0.46885 
0.46347 

0.47779 
0.48517 
0.46752 
0.47453 
0.46744 
0.46924 
0.49426 
0.48454 
0.47070 
0.48114 

21 4162 
22 4087 
23 3873 
24 A 4094 

3630 
4223 
3990 
3977 
3881 
4016 _ _ _ -  

0.46832 
0.47774 
0.48721 
0.47030 
0.45802 
0.47259 
0.48637 
0 I 47135 
0.45570 
0.47756 

0. i9628 
0.48141 
0.49014 
0.45658 
0.48044 
0.47168 
0.48043 
0.47952 
0.46804 
0.46215 

0.48058 0.00811 
0.48366 0.00560 
0.47611 0.00852 

1 0.47754 0.00676 
I 0.47655 0.00560 i 0.47703 0.00476 

0.47735 0.00414 
0.47655 0.00373 

1 0.47473 0.00380 

I 0.47303 0.00471 
0.47775 0.00545 
0.47589 0.00428 
0.47232 0.00488 
0.47236 0.00398 
0.47436 0.00392 
0.47399 0.00341 
0.47195 0.00363 
0.47252 0.00330 

0.48885 0.00744 
0.48928 0.00432 
0.48110 0.00873 
0.48097 0.00676 
0.47942 0.00573 
0.47957 0.00985 
0.47956 0.00420 
0.47828 0.00392 
0.47667 0.00386 

0.48869 
0.47247 
0.48982 
0.45347 
0.48327 
0.47159 
0.47988 
0.47961 
0.47014 
0.45840 

0.48176 0.01128 897 
0.47298 0.00818 1326 
0.47278 0.00565 2298 

2699 0.47533 0.00485 
0.47520 0.00403 3428 
0.47337 0.00396 3140 
0.47265 0.00397 3670 

0.47523 0.00352 3271 
3503 0.47579 0.00326 
4388 0.47621 0.00280 

0.47677 0.00258 4806 
0.47733 0.00235 5454 
0.47785 0.00228 5453 
0.47777 0.00213 5858 

5808 0.47736 0.00208 
0.47745 0.00195 6224 
0.47676 0.00204 5401 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - _ - -  

a5 
26 . 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

- - - - - - - - 
0.49073 
0.48116 
0.48381 
0,47966 
0.47789 
0.48409 
0.46663 
0.46603 
0.47926 
0.45252 

0.48963 
0.48151 
0.47793 
0.48553 
0.49447 
0.48466 
0.48871 
0.46770 
0.48030 
0.47142 

0.48832 
0.48254 
0.47717 
0.47899 
0.47109 
0,48777 
0.46558 
0.47095 
0.47776 
0.45167 

0.47619 0.00373 
0.47660 0.00343 
0.47716 0.00321 
0.47734 0.00257 
0.47737 0.00277 
0.47779 0.00262 
0.47714 0.00255 
0.47652 0.00248 
0.47666 0.00235 
0.47546 0.00254 

0.47407 0.00336 
0.47469 0.00313 
0.47494 0.00289 
0.47570 0.00278 
0.47695 0.00288 
0.47743 0.00273 
0.47809 0.00265 
0.47752 0.00257 
0.47766 0.00243 
0.47735 0.00233 

0.47773 0.00365 
0.47813 0.00335 
0.47805 0.00308 
0.47812 0.00286 
0.47765 0.00270 
0.47828 0.00260 
0.47754 0.00256 
0.47717 0.00249 
0.47720 0.00231 
0.47593 0.00253 

3917 
4193 
3865 
3929 
3902 
4085 
4108 
3814 
4001 
4034 - - - - - - - - - - - - . 

0.48525 . 
0.46760 
0.47573 
0.45731 I 
0.48381 I 
0.48690 1 
0.49867 1 
0.48922 I 
0.45348 1 
0.47165 I 

I 
- - _ _ - - - - - 

5087 
5157 
5201 
4071 
3888 
4041 
3817 
3796 
3616 
3474 

3700 1 0.48857 
4342 0.46840 
3799 1 0.46934 
4076 I 0.45645 
3851 I 0.47551 
4086 0.48205 
4038 I 0.49318 
4051 1 0.48273 
4002 1 0.45262 
3670 I 0.46419 

0.49565 
0.47228 
0.45965 
0.44610 
0.49249 
0.46335 
0.48107 
0.48093 
0.47188 
0.45671 

0.47608 0.00249 
0.47573 0.00240 
0.47545 0.00231 
0.47466 0.00235 
0.47470 0.00226 
0.47498 0.00219 
0.47565 0.00221 
0.47591 0.00214 
0.47510 0.00222 
0.47474 0.00217 

0.47822 0.00238 

0.47716 0.00232 
0.47586 0.00257 
0.47653 0.00256 
0.47602 0.00251 
0.47621 0.00242 
0.47638 0.00234 
0.47622 0.00226 
0.47557 0.00228 

0.47795 0.00228 
0.47637 0.00245 
0.47597 0.00237 
0.47596 0,00227 
0.47518 0.00230 
0.47553 0.00224 
0.47597 0,00219 
0.47681 0,00227 
0.47725 0.00223 
0.47643 0.00231 
0.47627 0.00223 

I 0.47743 0.00206 
I 0.47709 0.00199 1 0.47673 0.00194 

0.47559 0.00214 
0.47584 0.00215 i 0.47590 0.00206 
0.47634 0.00208 
0.47652 0.00205 

1 0.47606 0.00206 
I 0.47582 0.00207 

0.47577 0.00199 
0.47584 0.00195 
0.47658 0,00199 
0.47686 0.00194 
0.47711 0.00188 
0.47662 0.00190 
0.47635 0.00186 
0.47632 0.00178 
0.47680 0.00178 
0.47681 0.00174 

3628 
3680 
3424 
3493 
3618 
3442 
3474 
3717 
3622 
3692 

51 4049 
52 . 4115 
53 ' 4109 
54 4167 
55 3966 
56 4083 
57 3828 
58 4049 
59 4266 
60 4080 

0.47524 
0.47497 
0.49086 
0.48513 
0.49408 
0.46239 
0.46766 
0.48135 
0.49650 
0.47091 

0.47405 
0.47966 
0.50462 
0.48478 
0.46966 
0.45538 
0.46676 
0.47701 
0.48868 
0.48094 

0.47464 
0.47900 
0.48839 
0.48483 
0.49467 
0.46367 
0.46816 
0.47479 
0.49541 
0.47364 

0.47475 0.00210 
0.47476 0.00204 
0.47525 0.00203 
0.47554 0.00199 
0.47607 0.00201 
0.47569 0.00199 
0.47547 0,00194 
0.47563 0.00190 
0.47616 0.00153 
0.47603 0.00188 

0.47552 0.00221 
0.47565 0.00214 
0.47653 0.00225 
0.47677 0.00220 
0.47657 0.00214 
0.47598 0.00217 
0.47573 0.00212 
0.47576 0.00206 
0.47609 0.00204 
0.47622 0.00199 

0.47622 0.00216 
0.47631 0.00209 
0.47667 0.00206 
0.47691 0.00201 
0.47742 0.00202 
0.47704 0,00200 
0.47680 0.00196 
0.47674 0.00191 
0.47722 0.00192 
0.47713 0,00187 

61 3814 1 0.46788 0.47046 0.46863 
62 3941 0.45362 0.47831 0,45705 
63 3908 1 0.46779 0.44083 0.97359 
64 4175 0.47075 0.47475 0.46850 
65 4001 I 0.46899 0.46708 0.46580 
6 6  4048 0.47405 0.47774 0.47657 
67 3985 I 0.51010 0.96689 0.51601 

0.47583 0.00185 0.47608 0.00195 0.47693 0.00184 

0.47513 0.00184 0.47531 0.00203 0.47639 0.00181 
0.47503 0.00180 0.47530 0.00198 0.47621 0.00178 
0.47490 0.00177 0,47511 0.00195 0.47598 0.00176 
0.47488 0.00173 0.47517 0.00190 0.47599 0,00172 

0.47530 o.ooia8 0.47613 o.00190 0.47645 0.00186 

0.47563 o.ooia5 0.47499 0.00187 0.47684 0.00188 

0.47663 0.00171 3740 
0.47648 0.00169 3718 
0.47618 0.00171 3531 
0.47602 0.00167 3631 
0.47572 0.00164 3689 
0.47575 0.00160 3751 
0.47602 0.00163 3567 

0 2  
n 
[I, 
M 

1 

0 
0 
P 



68 4 3 4 1  I 0 .47707 0 .47627 0 .47974 I 0 .47566 0 . 0 0 1 8 1  0 .47502 0.00183 0 .47690 0 .00185 0 .47606 0.00160 3619 
69  3 7 2 1  1 0 . 5 0 0 4 9  0 .48275 0 .50403 1 0 .47616 0 .00184 0 .47518 0.00180 0.47745 0 . 0 0 1 8 9  I 0.47634 0.00162 3476 
7 0  4202 1 0 .47748 0 , 4 6 7 5 1  0 .47630 I 0.47619 0 .00181 0 . 4 7 5 0 3  0 .00177 0.47743 0.00165 1 0 .47622 0 .00158 3 5 5 1  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
7 1  
7 2  
73  
74 
75  
7 6  
7 7  
78  
79  
80  

3838 
3909 
4072 
3794 
4166 
4199 
3970 
3884 
4007 
3833 

0 .47337 
0 .48920 
0 .46687 
0.48153 
0.50673 
0.49503 
0 . 4 7 9 0 1  
0 . 4 7 8 5 1  
0.45533 
0 .49387 

0 .45067 
0 .47698 
0 .47389 
0 .48532 
0.48854 
0 .46323 
0.46916 
0.46688 
0 .45144 
0.48805 

0 . 4 7 6 1 3 ,  
0 .48700 
0 .47080 

0 .50802 
0 .49932 
0 . 4 8 0 8 1  
0 .48140 
0 .45840 
0 . 4 9 3 6 1  

0 . 4 i 6 4 2  

0 .47613 0 .00177 
0 .47639 0.00176 
0 .47621 0 .00173 
0 .47630 0.00170 
0.47686 0.00176 
0.47718 0.00176 
0 . 4 7 7 2 1  0 .00173 
0.47724 0 .00170 
0.47687 0 .00171 
0 .47715 0 .00170 

0 . 4 7 4 5 5  0.00180 
0 .47459 0 ,00177 
0 .47458 0.00173 
0 . 4 7 4 7 8  0 . 0 0 1 7 1  
0 .47503 0.00170 
0 .47482 0 .00168 
0.47472 0 .00165 
0 . 4 7 4 5 8  0.00163 
0 . 4 7 4 1 9  0 .00165 
0.47442 0 .00164 

0 .47741 0 .00182 
0 .47759 0 .00179 
0 .47746 0 . 0 0 1 7 6  
0.47744 0 ,00173 
0 .47800 0 .00176 
0 .47838 0.00179 
0 .47842 0.00176 
0.47847 0 .00173 
0.47813 0.00174 
0.47839 0.00173 
________________-. 

0 . 4 7 6 0 1  0 .00158 
0.47615 0.00155 
0.47610 0.00153 
0 .47622 0 .00148 
0.47657 0.00152 
0 .47660 0.00150 
0.47657 0 .00148 
0.47653 0.00146 
0.47623 0 .00149 
0 .47649 0 .00149 

3479 
3 5 6 1  
3597 
3743 
3512 
3523 
3569 
3602 
3385 
3353 

3 4 8 1  
3579 
3445 
3440 
3428 
3420 
3 5 1 1  
3543 
3627 
3672 

3705 
3795 
3898 
3924 
3997 
4000 
4017 
3978 
4016 
3938 

- _ _ _ _  

_ _ _ _ _  

8 1  

83 
84  
85  
86  
87 
88  
89  
90  

9 1  
92 
93 
94 
95 
96  
97 
98 
99 

1 0 0  

82 , 

- - - - -__ -__  

0.47653 0 .00145 
0 .47644 0 .00142 
0.47659 0.00143 
0 .47649 0 .00142 
0 .47664 0 . 0 0 1 4 1  
0 .47682 0 .00140 
0 . 4 7 6 9 1  0 .00138 
0 .47677 0.00136 
0.47685 0 .00133 
0.47675 0 . 0 0 1 3 2  

4242 
3 8 8 1  
4035 
4092 
3842 
4 0 8 1  
4160 
3786 
4024 
4106 

8.47962 
.47885 
, 4 8 8 8 0  
.47194 
.48419 

0 .48952 
0 . 4 7 4 2 4  
0 .47902 
0 . 4 8 9 0 0  
0 . 4 7 5 5 7  

0 .48337 
0.47412 
0 .48913 
0 .46199 
0.48714 
0 .48657 
0 .48856 
0 .46270 
0.47968 
0 .46915 

0.47432 
0 . 4 7 3 6 5  
0 .49667 
0 . 4 7 4 7 1  
0 .48732 
0 . 4 9 0 1 0  
0 . 4 7 2 0 8  
0 .47593 
0 . 4 8 3 1 1  
0 .47303 

0 .47719 0.00166 
0.47722 0.00165 
0 .47740 0.00163 
0 .47731 0 .00161 
0.47742 0 .00159 
0 .47760 0.00158 
0 .47755 0 .00155 
0 .47758 0.00153 
0.47774 0 .00152 
0 .47771 0.00149 

0 .47457 0.00162 
0 .47456 0.00159 
0 ,47479 0 .00158 
0 .47459 0 .00157 
0 .47479 0 .00156 
0 . 4 7 4 9 7  0.00155 
0 . 4 7 5 1 7  0.00154 
0 .47499 0.00152 
0 . 4 7 5 0 5  0.00150 
0 . 4 7 4 9 7  0.00148 

0.47832 0.00170 
0 .47825 0 .00167 
0.47854 0 .00167 
0 .47848 0 .00165 
0.47862 0 .00163 
0.47879 0 . 0 0 1 6 1  
0 .47869 0 .00159 
0.47865 0.00157 
0 .47871 0 .00155 
0 . 4 7 8 6 3  0.00153 - - - - - - - - -__--_______ 

I 0.49398 0.47973 
I 0 . 4 7 6 7 0  0 .48095 

0.48722 
0 . 4 8 3 7 4  0.48692 
0 . 4 7 3 0 9  0 .47841 

I 0 .47660 0 . 4 8 3 4 1  
1 0 .47274 0 .46695 
I 0 . 4 9 2 2 6  0.48278 
I 0 . 4 8 6 2 0  0 .46729 
I 0 . 4 6 1 6 5  0.46066 

3953 
4193 
3837 
3865 
4146 
4005 
3973 
3963 
4119 
3902 

0 . 4 9 0 2 9  
0 .47224 
0 . 4 6 3 8 8  
0 . 4 8 3 2 4  
0 . 4 7 0 6 9  
0 . 4 8 4 6 5  
0 . 4 7 7 5 0  
0 . 4 9 5 5 0  
0 . 4 8 5 1 2  
0 . 4 6 0 6 2  

0.47794 0 .00149 
0 .47792 0 .00147 
0.47775 0 .00146 
0.47783 0.00144 
0 .47776 0 .00143 
0 .47775 0.OQ141 
0.47768 0 .00139 
0.47787 0 .00138 
0 .47798 0 .00137 
0 .47777 0 .00137 

0 .47880 0 . 0 0 1 5 1  
0 .47871 0 .00150 
0 .47850 0 .00149 
0 .47857 0 .00147 
0 .47846 0.00145 
0 .47854 0 .00144 
0.47853 0 .00142 
0 .47875 0 .00142 
0.47883 0.00140 
0 .47860 0 .00140 

0 .47687 0 . 0 0 1 3 0  
0.47686 0 .00128 
0 .47685 0 .00125 
0 .47699 0 .00124 
0 .47695 0.00122 
0.47703 0 . 0 0 1 2 1  
0 .47698 0 .00120 
0 .47710 0.00120 
0.47709 0 .00118 
0 .47686 0 .00119 

0 .47504 0 .00147 
0.47512 0.00195 
0 .47528 0 .00144 
0 . 4 7 5 4 7  0.00143 
0 . 4 7 5 5 1  0 . 0 0 1 4 1  
0 . 4 7 5 6 1  0.00140 
0 .47550 0 .00138 
0 .47559 0 ,00137 
0 . 4 7 5 4 9  0.00135 
0 .47530 0 ,00135 

0 .51079 
0 . 4 7 7 4 1  
0 . 4 5 8 9 9  
0 .49225 
0 .45682 
0 . 4 7 8 5 8  
0 .46076 
0.48828 
0 . 4 8 9 3 2  
0 .48070 

0 .49601 
0 .47454 
0.46100 
0.48248 
0.46135 
0 .46189 
0 .47738 
0 . 4 6 5 4 1  
0.48374 
0 .47657 - - - - - - - - - 

0 . 5 1 0 8 9  
0 .47339 
0 .45843 
0 .48935 
0 . 4 5 3 8 5  
0 . 4 7 2 9 9  
0 .46330 
0 . 4 8 7 3 7  
0 . 4 9 2 6 0  
0 . 4 8 6 7 2  . - - - - - - - - - 

0 .47818 0 . 0 0 1 4 1  
0 .47817 0.00139 
0.47794 0 .00140 
0 .47811 0.00139 
0 .47786 0.00140 
0 .47787 0 .00138 
0 .47767 0.00138 
0 .47779 0.00137 
0.47792 0 .00136 
0 .47795 0.00134 

0 . 4 7 5 5 6  0.00136 
0 .47554 0 .00134 
0 . 4 7 5 3 7  0.00139 
0 . 4 7 5 4 5  0.00132 
0 .47529 0 .00132 
0.47513 0 .00131 
0 .47516 0 .00130 
0 . 4 7 5 0 5  0.00129 
0 .47515 0 .00128 
0 . 4 7 5 1 6  0.00126 

0 .47900 0 .00144 
0.47893 0 .00142 
0 .47868 0.00193 
0 .47881 0.00142 
0.47852 0 .00143 
0 .47845 0.00142 
0 .47828 0 .00141 
0 .47838 0 .00140 
0.47854 0 .00139 
0.47863 0 . 0 0 1 3 8  

1 0.47714 0.00122 
0 .47709 0 .00120 
0 .47685 0 .00121 
0.47696 0 .00120 
0 .47668 0.00120 
0.47656 0 .00120 I 0.47649 0 .00118 
0.47647 0 .00117 
0 .47658 0 .00117 I 0 . 4 7 6 6 1  0.00116 

i 
. . . . . . . . . . . . . . . . . . . .  

3678 
3735 
3666 
3688 
3607 
3612 
3659 
3684 
3669 
3687 

1 0 1  3779 
102 4492 
103 3787 
104 3 8 6 1  
1 0 5  4386 
1 0 6  3798 
1 0 7  4198 
1 0 8  3874 
109 . 4147 
1 1 0  ' 3979 

111 3994 
112 3947 
113 3947 
114 4108 
1 1 5  3989 * 
1 1 6  4 1 8 1  
117 3864 
1 1 8  3 8 9 1  
1 1 9  4070 
1 2 0  3970 

- - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

- _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

0.47519 0.00125 
0 . 4 7 5 0 8  0.00129 
0 .47496 0.00123 
0 . 4 7 5 0 2  0 ,00122 
0 .47512 0 .00121 
0 . 4 7 5 1 1  0.00120 
0.47502 0.00119 
0 .47488 0 .00119 
0 . 4 7 5 0 1  0 .00118 
0 . 4 7 5 2 0  0 .00118 

0.47862 0 .00136 
0.47853 0 .00135 
0.47857 0 .00134 
0.47857 0 ,00132 
0 . 4 7 8 8 1  0.00133 
0.47877 0 .00132 
0.47858 0 .00132 
0.47855 0 .00131 
0.47847 0 .00130 
0 .47855 0.00129 

0.47663 0 .00114 
0.47654 0 .00114 
0 .47650 0.00113 
0 .47653 0.00112 
0 .47662 0 .00112 
0 .47659 0 . 0 0 1 1 1  
0.47643 0 . 0 0 1 1 1  
0 .47634 0 . 0 0 1 1 0  
0 .47642 0.00108 
0 .47656 0.00108 

- - - - -__-_---_-___- 

3738 
3734. 
3743 
3782 
3 7 1 1  
3736 
3726 
3 7 3 1  
3808 
3789 

0 .47980 
0 .46744 
0 . 4 7 8 5 1  
0 . 4 7 5 8 1  
0 .49373 
0 . 4 6 9 3 8  
0 .46073 
0 .47832 
0 .47613 
0 . 4 8 2 5 2  

0 .47821 
0 .46457 
0.46430 
0 .48004 
0.48463 
0 .47479 
0.46598 
0 .46149 
0.48785 
0.49334 

0 .47729 
0 . 4 7 0 5 1  
0.48214 
0 .47833 
0.50203 
0 .47507 
0.45983 
0 . 4 7 5 4 1  
0 .47069 
0 .48654 

0 .47797 0 ,00133 
0 .47786 0 ,00132 
0 .47787 0 . 0 0 1 3 1  
0 .47784 0 .00129 
0 .47801 0 .00129 
0.47792 0 .00126 
0 .47774 0 .00128 
0 .47775 0 .00126 
0.47773 0.00125 
0 .47778 0.00124 

the largest active cycle keffs by estimator are: 

i 

the smallest active cycle keffs by estimator are: 



i. 

collision 0.51079 on cycle 101 collision 0.45252 on cycle 40 
absorption 0.50462 on cycle 53 absorption 0 , 4 4 0 8 3  on cycle 63 

track length 0.51601 on cycle 67 track length 0.45167 on cycle 40 
lplot of the estimated col/abs/track-length keff one standard deviation interval versus cycle number ( 1  = final keff = 0 .47656)  
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ion/absorption/track-length keffs fo r  different numbers of inactive cycles skipped for fission source settling 

active average keff estimators and deviations normality 
neutrons k(co1) st dev k(abs) st dev k(trk) st dev co/ab/tl 

4783291 0.4775 0.0011 0.4753 0.0011 0.4782 0.0012 )95/95/95) 
4743291 0.4775 0.0011 0.4750 0.0011 0.4783 0.0012 195/95/95 
4724311 0.4778 0.0011 0.4752 0.0010 0.4785 0.0011 )95/95/951 
4687591 0.4779 0.0011 0.4752 0.0011 0.4785 0,0011 . 4644421 0.4780 0.0011 0.4752 0.0011 0.4786 0.0012 
4604691 0.4779 0.0011 0.4751 0.0011 0.4786 0.0012 
456310 0.4778 0.0011 0.4751 0.0011 0.4785 0.0012 

448150 0.4776 0.0011 0.4751 0.0011 0.4783 0.0012 
444241 0.4776 0.0012 0.4751 0.0011 0.4783 0.0012 
440248 0.4778 0.0012 0.4752 0.0011 0.4784 0.0012 

4363881 0.4778 0.0012 0.4752 0.0011 0.4784 0.0012 95/95/95 
432257) 0.4777 0.0012 0.4752 0.0011 0.4784 0.0012 /95/95/951 

4520731 0.4777 0.0011 0.4752 0.0011 0.4784 0.0012 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

average k(c/a/t) 
k(c/a/t) st dev 

0.47655 0.00097 
0.47627 0.00097 
0.47651 0.00095 
0.47654 0.00095 
0.47657 0.00096 
0.47653 0.00097 
0.47645 0.00098 
0.47644 0.00098 
0.47635 0.00099 
0.47637 0.00099 
0.47650 0,00100 

0.47652 0.00100 
0.47645 0.00101 

_ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

k(c/a/t) confidence intervals 
95% confidence 99% confidence 

0.47462-0.'47847 
0.47434-0.47820 
0.47462-0.47841 
0.47464-0.47845 
0.47465-0.47849 
0.47459-0.47846 
0.47450-0.47839 
0.47448-0.47839 
0.47439-0.47832 
0.47439-0.47835 
0.47451-0.47848 _----_-_--___---- 
0.47452-0.47852 
0.47444-0.47847 

0.47400-0.47910 
0.47371-0.47883 
0.47401-0.47902 
0.47402-0.47907 
0.47403-0.47912 
0.47336-0.47910 
0.47387-0.47303 
0.47384-0.47903 
0.47375-0.47896 
0.47375-0.47900 
0.47386-0.47913 

0.47387-0.47918 
0.47378-0.47913 

-_-___-___--_-- -  
0 co 
B 

I 
0 
0 
w 



13 
14 
15 
16 
17 
18 
19 
20 

0.4788 0.0014 
0.4786 0.0014 
0.4786 0.0014 
0.4786 0.0015 

22 
24 
26 
28 
30 
32 
34 
36 
38 
40 

95/95/95 
95/95/95 
95/95/95 
95/95/95 

- - - - - - - - 
42 
44 
46 
48 
50 
52 
54 
56 
58 
60 

95/95/95 
95/95/95 

0.4797 0.0018 /95/95/95 
0.4796 0.0019 95/99/95 
0.4798 0,0019 195/99/95 

107 
106 
105 
104 
103 
102 
101 
loo* 

0.47705 0.00151 
0.47712 0.00155 
0.47709 0.00157 
0.47713 0,00156 
0.47709 0.00163 

4281281 0.4777 0,0012 0.4752 0.0011 
4241771 0.4777 0,0012 0.4752 0.0011 
420177) 0.4778 0.0012 0.4753 0.0012 
416222) 0.4779 0.0012 0.4752 0.0012 
4123171 0.4778 0,0012 0.4751 0.0012 
4081281 0,4778 0.0012 0.4750 0.0012 
4042821 0.4779 0.0012 0.4751 0.0012 
400383) 0.4778 0,0012 0.4752 0.0012 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ ~ - - - - - - - - - - - - - - - - - - - - - -  
98 392134 
96 384167 
94 376314 
92 368347 
90 360450 
88 352340 
86 344546 
84 336559 
82 328637 
80 320602 
__.--_______-_-_ 

78 312560 
76 304685 
74 296748 
72 288659 
70 280987 
68 272823 
66 264547 
64 256498 
62 248621 
60 240275 

0.4777 0.0013 
0.4779 0.0013 
0.4779 0.0013 
0.4778 0.0013 
0.4781 0.0013 
0.4779 0.0013 
0.4779 0.0014 
0.4778 0.0014 
0.4781 0.0014 
0.4784 0.0014 

0.4752 0.0012 
0.4752 0.0012 
0.4754 0.0012 
0.4753 0.0013 
0.4755 0.0013 
0.4753 0.0013 
0.4751 0.0013 
0.4748 0.0013 
0.4747 0.0013 
0.4747 0.0014 

___________________-------.---. 

0,4784 0,0014 0.4744 0.0014 
0.4788 0,0014 0.4750 0.0013 
0,4788 0,0015 0.4799 0.0013 
0.4785 0.0015 0.4747 0.0014 
0.4791 0.0015 0.4750 0.0014 
0.4792 0,0015 0.4750 0.0014 
0.4789 0.0016 0.4744 0.0014 
0.4790 0.0016 0.4748 0.0014 
0.4791 0.0016 0.4748 0.0014 
0.4789 0.0016 0.4745 0.0015 

0.4785 0.0012 
0.4785 0.0012 
0.4786 0.0012 
0.4787 0.0012 
0.4786 0.0013 
0.4785 0.0013 
0.4786 0.0013 
0.4785 0.0013 

95/95/95( 0.47651. 0.00102 
95/95/95( 0.47652 0.00103 
95/95/95( 0.47663 0.00104 
95/95/95) 0.47658 0.00105 
95/95/951 0.47652 0.00106 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - -  

0.4793 0.0015 95/95/95 
0.4796 0,0015 195/95/95 
0.4795 0.0016 195/95/95 
0.4791 0.0016 195/95/95 
0.4795 0.0016 195/95/95 
0.4796 0.0016 (95/95/95 
0.4794 0.0016 (95/95/95 
0.4794 0.0017 195/95/95 
0.4797 0.0017 )95/95/95 
0.4795 0.0017 (95/95/95 

62 
64 
66 
68 
70 
12 
74 
76 
78 
80 

82 
84 
86 
88 
90 
92 
94 
96 
98 

100 

102 
104 
106 
108 
110 
112 
114 
116 
117 

- - - - - - - 

- - - - - - - 

58 
56 
54 
52 
50 
48 
46 
44 
42 
40 

38 
36 
34 
32 
30 
28 
26 
24 
22 
20 

18 
16 
14 
12 
10 
8 
6 
4 
3 

. - - - - - - - 

- - - - - - - - - 

0.47654 0.00110 
0.47658 0.00110 
0.47669 0.00112 
0.47662 0.00114 
0.’47687 0.00115 
0.47665 0.00117 
0.47653 0.00120 
0.47625. 0,00123 
0.47629 0.00126 
0.47650 0.00130 

0.47631 0,00132 
0.47668 0.00128 
0.47655 0.00130 
0.47639 0.00132 
0.47682 0.00133 
0.47684 0.00137 
0.47617 0.00137 
0.47641 0.00137 
0.47653 0.00141 
0.17628 0,00143 

2325201 0.4796 0.0016 
2244371 0.4799 0.0017 

1923921 0.4793 0.0017 
1845261 0.4795 0.0018 
176161 0.4785 0.0017 
1683071 0.4785 0.0018 
160467) 0.4787 0,0018 

152344 0.4787 0.0019 
144217 0.4786 0.0019 
136294 0.4781 0.0020 
1283481 0.4782 0.0021 
120218) 0.4779 0.0023 
ii2072) 0.4774 0.0023 
1043701 0.4776 0.0025 
96219 0.4779 0.0027 
882831 0.4775 0.0028 
80262 1 0.4778 0.0030 

0.4745 0.0015 
0.4751 0.0014 
0.4752 0,0015 
0.4754 0.0015 
0.4754 0.0016 
0.4758 0.0016 
0.4757 0.0016 
0.4757 0.0016 
0.4760 0.0017 
0.4764 0.0017 

0.4762 0.0017 
0.4763 0.0017 
0.4756 0.0018 
0.4756 0.0018 
0.4757 0.0019 
0.4754 0.0020 
0.4744 0.0021 
0.4739 0.0022 
0.4738 0,0024 
0.4748 0.0025 

_ _ _ _ _ _ - - - _ _ _ _ _ _  

0.47448-0.47855 
0.47447-0.47858 
0.47455-0.47870 
0.47448-0.47867 
0.47442-0.47863 
0.47433-0.47857 
0.47438-0.47866 
0.47441-0.47871 
__________-___-_-. 

0.47381-0.47921 
0.47379-0.47925 
0.47388-0.47937 
0.47380-0.47936 
0.47373-0.47932 
0.47364-0.47926 
0.47369-0.47935 
0.47370-0.47942 

0.47435-0.47872 0.47364-0.47943 
0.47438-0.47878 0,47366-0.47949 
0.47446-0.47892 0.47373-0.47965 
0.47434-0.47890 0,47360-0.47964 
0.47456-0.47917 0,47381-0.47992 
0.47431-0.47898 0,47355-0.47974 
0.47413-0.47892 0,47335-0.47971 
0.47380-0.47870 0.47300-0.47950 
0.47377-0.47880 0.47295-0.47963 
0.47392-0.47908 0,47308-0.47992 

0.47368-0.47894 0.47282-0.47980 
0.47412-0.47923 0.47328-0.48007 
0.47395-0.47915 0,47310-0.48000 
0.47376-0.47902 0.47290-0.47988 
0,47417-0.47948 0.47330-0.48035 
0.47410-0.47958 0.47321-0.48048 
0.47343-0.47891 0.47253-0.47982 
0.47367-0.47914 0.47277-0.48004 
0.47372-0.47934 0.47279-0.48027 
0.47341-0.47914 0.47246-0.48009 

_ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

____________________- - - - - - - - - - - - -  
0.47370-0.47969 
0.47392-0.47976 
0.47402-0.48007 
0.47400-0.48023 
0.47394-0.48024 
0.47399-0.48027 
0.47381-0.48037 
0.47363-0.48012 
0.47369-0.48040 
0.47415-0.48048 

0.47373-0.48041 
0.47373-0.48051 
0.47306-0.48007 
0.47270-0.48008 
0.47237-0.48015 
0.47152-0.47979 
0.47013-0.47915 
0.46932-0.47929 
0.46917-0.47955 
0.46965-0.48063. 

0.47270-0.48068 
0.47295-0.48073 
0.47301-0.48108 
0.47296-0.48127 
0.47288-0.48129 
0.47294-0.48132 
0.47270-0.48148 
0.47254-0.48122 
0.47256-0.48153 
0.47307-0.48155 

_ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  
0.472~9-0.4ais6 
0.47256-0.48167 
0.47185-0.48129 
0.47142-0.48137 
0.47100-0.48151 
0.47006-0.48125 
0.46852-0.48076 
0.46752-0.48109 
0.46727.-0.48145 
0.46760-0.48268 

719911 0.4760 0.0027 
64343 0.4761 0.0027 
561591 0.4772 0.0027 
48087 0.4777 0,0026 
399611 0.4762 0.0029 
32020) 0.4769 0.0034 
239651 0.4768 0.0046 
15795 0.4744 0.0048 
119311 0.4790 0.0019 

0.4736 0.0025 
0.4738 0.0026 
0.4756 0.0027 
0.4763 0.0030 
0.475.5 0,0035 
0.4766 0.0042 
0.4780 0.0052 
0.4772 0.0079 
0.4809 0.0098 

0.4768 0,0030 
0.4772 0.0031 
0.4791 0.0031 
0.4798 0.0032 
0.4778 0.0035 
0.4788 0.0044 
0.4783 0.0059 
0.4731 0.0055 
0.4776 0.0047 

95/95/95) 0.47394 0.00238 
95/95/95 0.47393 0.00231 
95/95/951 0.47543 0.00259 
95/95/95 0.47593 0.00289 
95/95/951 0.47516 0.00314 
95/95/95) 0.47526 0.00367 
95/95/95 0.47594 0.00518 
95/95/951 0.47545 0.00893 

0.46887-0.47902 
0.46893-0.47893 
0.46974-0.48113 
0.46939-0.48247 
0.46774-0.48258 
0.46581-0.48470 
0.45944-0.49243 
0.36198-0.58892 

0.46693-0.48096 
0.46696-0.48091 
0.46739-0.48347 
0.46654-0.48532 
0.46418-0.48614 
0.46044-0.49007 
0.44567-0.50621 
0.00000-1.04379 

1 
0 2  

0 
rn 
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the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with 2 inactive cycles and 118 active cycles. 

the first active half of the problem skips 2 0  cycles and uses 50 active cycles; the second half skips 7 0  and uses 50 cycles. 
the col/abs/trk-len keff, one standard deviation, and 68, 95, and 99 percent intervals for each active half of the problem are: 

68% confidence 95% confidence 99% confidence problem keff standard deviation 

first half 0.47622 0 . 0 0 1 5 8  0.47463 to 0.47781 0.47304 to 0 , 4 7 9 4 1  0.47197 to 0.48047 
second half 0.47709 0 .00157 0 .47551 to 0.47866 0.47394 to 0.48024 0.47288 to 0 . 4 8 1 2 9  

.final result 0 . 4 7 6 5 6  0 . 0 0 1 0 8  0 .47548 to 0.47764 0 .47491 to 0 , 4 7 8 7 1  0 .47370 to 0.47942 

the first and second half values of k(collision/absorption/track length) appear to be thi same at the 68 percent confidence level. 
lplot of the estimated col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0 . 4 7 6 5 6 )  

inactive active 0 . 4 7 1  0 .473 0.475 0 .477 0 . 4 7 9  
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34  
35  
36  
37  
38  
39 
40 

120 j 
119 I 
118 I 
117 1 
116 I 
115 1 
114  I 
113 1 
111 + 
112 1 
1 1 0  I 
109 I 
108 I 
107 I 
106 1 
105 I 
104 1 
1 0 3  I 
101 + 
100 

102 I 

99 I 
98  I 
97 I 
96  I 
95 I 
94 I 
93 I 
92 I 
90 I 
8 9 .  I 
88 I 

9 1  c 

2 i 
E I 
85 
84 I 

8 1  + 
80 I 

+ 

+ 
I 



f 
*! . 1 

i 

4 1  
42  
43 
44 
4 5  
4 6  
47  
48  
49  
50 
5 1  
52 
53  
54 
55 '( 

, 5 6  

58  
59 
60 

57 

6 1  
6 2  
6 3  
6 4  
6 5  
66 
67 
68  
69 
7 0  
7 1  
72  
7 3  
74 
75  
7 6  
77 
7 8  
79 
8 0  
8 1  
82 
R3 
84 
8 5  
86  
87 
8 8  
8 9  
9 0  
9 1  
92 
9 3  
94 
95  
9 6  
97 
98  
99 

100  
101 
1 0 2  

79 I ii 1 .  
7 5  I 
74 I 
73 I 
72 I 
70 I 
69 I 

66 I 
6 5  I 
64 I 
63  I 
62 I 
60 I 

7 1  + 

2; I 

6 1  + 

2 j 
z I 57 

54 I 
53 I 
52 I 
50 I 
49 I 
48 I 
47  I 
46 I 
4 5  I 
4 4  I 
43 I 
42  I 

5 1  t 

41 + 

37 41 i 
E I 
34 I 
33 I 
32 I 
30 I 
29  I 
28 I 
26 I 
25 I 

22 I 
20 I 
1 9  I 
18 I 

31 + 

2 7 .  I 

2 I 
2 1  + 

- )  ' i 
I 
I 
I 
I 

I 
I 
I 
I 
I 
I 

+ 

I 

+ 

I 
I 



103 
104 
105 
106 
107 
108 
109 
110 

Itt*r*..tXI*,**.*tit*..**~*".***....~.***~**.*~.......**~""****.~..***"~~~******~~.*****"*~*~*,*~~~."*,***"*****.~*~*** 

dump no. 5 on fila 3b091r nps = 478329 coll = 92248037 ctm = 61.18 nrn = 1585406429 

2 warning messages so'far. 

run terminated when 120 kcode cycles were done 

computer time = 61.19 minutes 

mcnp version 4a 10/01/93 02/14/01 02:33:28 probid = 02/14/01 01:32:16 

i 
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To determine the Pu-239 mass sub-critical limit for 00 x ~0 x 12 ft arrays of 1.5-cubic-foot boxes with Pu- 
239-cellulose spheres and pure cellulose or void outside the sphere. Every box has 1 sphere containing the 
same amount of Pu-239. 
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Analysis 

Assumptions 

Pu-239 inside the sphere is uniformly mixed with 0.72 g/cm3 cellulose 
The pure cellulose (0.72 g/cm’) fills the entire space inside the container and outside the Plutonium 
sphere. 
The containers stand on the 3 m thick concrete floor 
The box inside dimensions are 1.5 x 1.5 x 1.5 foot 
The box wall thickness is zero 
‘Every box in the array contains the same mass of Pu-239 
The boxes are arranged in the infinite square array, 12 feet heigh (m xm x 12 ft) U’ 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Attachments 1 has the drawings of the 
models used. Examples of MCNP input and output files for both cases can also be found in the Attachments. 
The plutonium spheres were located in the box’s comer as shown in Attachments 1. 

Air, Carbon Steel, Concrete and Cellulose Composition 

Table I shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 

Table 1. Air composition 



WVNS-NCSE-001 
REV. 0 

Element 

Hydrogen (H) 
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Weight Fraction 

0.010 
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I( Sodium (Na) 

Aluminum (Al) 

Silicon (Si) 

Calcium (Ca) 

Iron (Fe) 
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0.029 

0.034 

0.337 

0.044 

0.014 
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Element 

Hydrogen (H) 

Carbon (C) 

Table 2. Concrete composition 

Atomic Weight 

1.00794 

12.0 107 

I 0.532 

The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 3) and the cellulose chemical formula - C,H,,O,. 'd 

Table 3. The atomic weights of the elements 

Oxygen (0) 1 15.9994 I1 

The molecular weight of cellulose (C,H,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ilh element was found as a ratio of the i'h element weight in the molecule 
to the molecular weight of this molecule. 

'- where 
(wJCc, = the weight fraction of i fh  element in a molecule of cellulose 
n, = the number of the i" elements in a cellulose molecule 
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Oxygen (0) 
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A ,  = the atomic weight of the ilh element, g/mo1 
MCc, = the molecular weight a cellulose molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 4. 

Radii of the Plutonium containing spheres. 

The spheres with several different radii were studied. The minimum size of the Plutonium containing sphere 
corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container, i.e. half of the box height. The minimum radius equation (3) was derived from the volume of a 
sphere equation (2) 

b' 

where: 
R,,, = the minimum possible radius of the sphere containing Pu-239, cm 
R,,,, = the radius of the metal Plutonium sphere, cm 
V,,,, = the volume of the sphere with Pu-239, cm' 
m,,,, = the mass of the Plutonium sphere, g 
p,,,, = the density of the meral Plutonium, 19.78 g/cm3 

Composition of the Plutonium containing spheres 

The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of the mixture was determined using 
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where 
AdIblu, = the total mass of the mixture, g 
m,,,, = the mass of Pu-239 in a sphere, g 
mcel = the mass of a cellulose in a sphere, g 
VT(,,.", = the total volume of a sphere, cm3 
Vcel = the volume of a cellulose in the sphere, cm3 
pee, = the density of a cellulose, 0.72 g/cm3 
Vp,, = the volume of Pu-239 in the sphere, cm' 
p,,,, = the density of the metal Plutonium, 19.78 gkm" 
R = the radius of a Plutonium containing sphere, cm 

W 

In the Plutonium-cellulose mixture, the weight fraction of Pu-239 was calculated using equation 5 ,  and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6) and the weight fraction of an element 
in a pure cellulose (equation 1). 
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L I I I I 22.86 Radius of the sphere, cm 5 10 15 20 
73 1502 123 I 0.723408036 1 0.721 437765 0.720962829 

0.0020682 0.00 138593 

~ 

WVNS-NCSE-001 
REV. 0 

Mixture density, gkm' 
Pu-239 weight fraction 

Carbon ( C )  weight fraction . 

Sheet No. 6/11 
Calc. No. BUF-2001-011 ' 
Rev. No. 0 - 

0.8 120 16983 0.; 
I 

0. I I75997 I5 0.01 63 17958 0.00488905 I 
0.3921 8721 7 0.4372024 0.442282036 I 

Job NO 30822-244-330 16860 Job: PSR-6 Bv Pc D a t e m k d h ? /  
Client WVNS Subiect: cellulose-Pu-239 sDheres Chk'd.LLNY Date oz/z7/0~ 

I ~, Y , . ~~ _ _ _ _  , 0.443535776 

All variables in equations 5-7 are as described above. Table 6 shows the composition of the PIutonium 
containing spheres. 

The cases for spheres with 25g, 50g, and lOOg of Pu-239 were studied and based on the calculated neutron 
multiplication factors, the Pu-239 sub-critical mass limit was determined. Tables 5-7 show the composition 
of the spheres used in the models. 

Table 5. The composition of the spheres with 25g of Pu-239. 

I1 Oxveen (0) weieht fraction I 0.435359038 I 0 ,485329475 1 0.490968276 I 0 ,492360027 I 0 

Table 7. The composition of the spheres with lOOg of Pu-239. 
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Results 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. Tables 8-10 provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (o), and Figures 1-3 plot the k,,, +2 cs values for all studied cases (25g, 50g, and 1OOg). 

Table 8. The neutron multiplication factor (kef,) values and their standard deviations (0) for the boxes with 25 
g of Pu-239. 

Table 9. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 50 

IIR and X-, Y-, Z- coordinates for the center of the sphere, \ 
g of Pu-239. 

cellulose outside the sphere I void outside the sphere 

I I 

22.86 22.86 1 22.86 I 22.86 I 68.58 1 0.3002 1 0.0003 I 0.3007 I 0.4681 I 0.0003 1 0.4686 1 

Table 10, The neutron multiplication factor (k,,,,) values and their standard deviations (0) for the boxes with 
100 g of Pu-239. 
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Figure 1. k,, +20 for the boxes with 25 g of Pu-239 . 

I 

0.0 5-0 10.0 15.0 20.0 25.0 
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outside plutonium nixture 

0 void outside plutonium 

I nixture 

- __ 

Figure 2. keff +20 for the boxes with 50 g of Pu-239 . 

H 100% density cellulose 
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Figure 3. keff +20 for the boxes with 100 g of Pu-239. 

I 1.2 ! I I I I 1 

+ 100% density cellulose 
outside plutonium mxture 

0 void outside plutonium 
mxture 

I I 

0.0 I I I I 

0.0 5 .O 10.0 15.0 20.0 25.0 

R, cm 
1 

The criterion for the Pu-239 mass limit is: 
(8) 

'W' kef t- 20 I k, - A  k h  - o h  

Where: 
k,, = neutron multiplication factor predicted by MCNP 
(T = standard deviation of predicted k,, 
k, = 0.95 = established allowable limiting neutron multiplication factor 
d kh = calculation method bias 
(Th = bias uncertainty 

The calculation method bias together with bias uncertainty ( A  k,, + o h )  is no more than 0.02. Thus the criterion 
(8) can be modified as: 

Where: 
k,, = neutron multiplication factor predicted by MCNP 
(T = standard deviation of predicted kCn 

k , ,  + 2 ( ~  _c 0.93 (9) 

To determine the Pu-239 mass limit, the maximum values of k,, +20 as a function of Pu-239 mass (Table 
11) were approximated with a polynomial equation, which is shown on Figure 4. 
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- 
Carbon (C) weight fraction 0.37 1089274 0.43380 156 0.441 24627 0.44309585 0.443543923, 

Hydrogen (H)weight fraction 0.05 I903 I 26 0.060674502 0.06 I 7 1577 I , 0.06 I 974466 0.062037 137 L Oxveen (0) weight fraction 0.4 I I93864 I 0.48 1554272 0.4898 I8494 0.49 I87 1674 0.492369078 

Table 11. The maximum values of k,, -t20 as a function of Pu-239 mass. 

Figure 4. The maximum values of krff +20 as a function of Pu-239 mass. 

1.2000 

1 .oooo 
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Mass of Pu-239 

y = -6.792OE-05~’ + 1.5838E-02~ + 1.2302E-01 
W = 1 .OOOOE+OO 

Solving the polynomial equation from Figure 4 determines the Pu-239 mass limit as 74g per box. To check 
this result, another set of MCNP runs was performed. Table 12 shows the composition of the Plutonium 
containing spheres, and Table 13 and Figure 5 show the calculation results for the arrays of boxes with 74g of 
Pu-239. 
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Table 13. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 
74 g of Pu-239. 

Figure 5 .  k,, +20 for the boxes with 74g of Pu-239. 

0.0 5.0 10.0 15.0 20.0 25.0 

m 100% density cellulose 
outside plutonium mxture 

0 void outside plutonium 
mxture 

, 

The keff +20 values in Table 13 confirm that 74g of Pu-239 is a sub-critical mass limit for 00 x 00 x 12 ft arrays 
of 1.5-cubic-foot boxes with Pu-239-cellulose spheres and pure cellulose or void outside the sphere. 
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3~900 
'd k eff. 74g of Pu-239 in cellulose spheres in 1.5 cubic foot of pure celulose 

C 
C Cell cards 
c c _----_-_-_--__-_-------------------------------------------------------- 
1 0 1 -2 3 -4 5 -6 fill=2 imp:n=l $ box with lattice 
2 2 -2.3 1 -2 3 -4 -5 7 imp:n=l $ Concrete floor 
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=0 $ Outside world 

c Universe 1 
4 3 -0.725044 -8 u = l  imp:n=l $ 1 Pu-239 and cellulose sphere 
5 3 -0,725044 -9 u = l  imp:n=l $ 2 Pu-239 and cellulose sphere 
6 0  8 9  u = l  imp:n=l $ 

c Lattice (2 spheres with Pu-239 in 2 cubic feet of cellulose matrix) 
7 0 10 -11 12 -13 14 -15 lat=l fill=l u=2 imp:n=l $ Lattice c __---_----_----__------------------------------------------------------- 

C 

C 

c Note: next line must be completely blank 

c Surface cards c __-_-______-- - -____-- - - - - - - - - - - - - - -_- - -~-~-- - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
'1 px 0.001 
*2 px 45.721 $ box length (1.5 foot1 
*3 py 0.001 
'4 py 45.721 $ box width (1.5 foot) 
5 pz 0.001 
6 pz 365.761 $ box height (12 feet) 
C More thnan 350.52cm (11.5 feet) - 4 tiers of B-25 box height 
C (4~34.5" or 4~87.63 cm) 
7 pz -300 $ concrete floor boundary 
8 s 15.0 15.0 30.72 15.0 $ 1st Pu-239 containing sphere 
9 s 15.0 15.0 60.72 15.0 $ 2nd Pu-239 containing sphere . 

c Lattice surfases: 
10 px 0 
11 px 45.72 $ 1.5 feet 

C 

12 PY 0 
13 py 45.72 $ 1.5 feet 

'- 14 pz 0 

C 
c Note: next line must be completely blank 

c Data cards 

c Materials 
C 
C 
c Celulose matrix (Elements: C, H, 0 )  

C 

ml 6000.50~ -0.444 
1001.50~ -0.062 
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0, Na, Si, A l ,  Ca, Fe) 
m2 1001.50~ - 0 . 0 1 0  

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

c Pu-239 and cellulose 
m3 94239.5% -0.007219 

6000.50~ -0,441246 
1001.50~ -0.061715 
8016.50~ -0,488982 

C 
mode n 
print 40 60 80 100 110 126. 
kcode 4000 1. 20 120 
ksrc 15.0 15.0 30.72 

15.0 15.0 60.72 

Page 1 
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lmcnp version 4a ld=10/01/93 02/08/01 21:10:07 .. r**.tt*.t~.*...*t**tr*.rrr**.**~~~,**~.,.*~*~...*~,.,*.**~~~~**~~.****~.~**** 
name=3c900 

1- 
2 -  
3- 
4- 
5- 
6- 
7 -  
R -  
9-  
10- 
11- ' S  

12- 
13-  
1.4 - 
15- 
16- 
17- 
1R- 
19- 
20- 
2 1 -  
22- 
2 3 -  
24- 
25- 
26-  
27- 
28- 
29- 
30-  
31- 
32- 
3 3 -  
34- 
35- 
36- 
37- 
38- 
3 9 -  
40- 
41- .~ 
42-  
43- 
44- 
45- 
46- 
47- 
48- 
49- 
50- 
51- 
52- 

warning. 
5 3 -  
54 - 
55- 
56- 
57- 

k eff, 749 of Pu-239 in cellulose spheres i n  1.5 cubic foot of pure celulose 
C 
C Cell cards 
C 
C ________________________________________---_---------------------------- 
1 0 1 -2 3 -4 5 -6 fill=2 imp:n=l $ box with lattice 
2 2 - 2 . 3  1 -2 3 -4 -5 7 imp:n=l $ Concrete floor 
3 0  -1 : 2 : - 3  : 4 : -7 : 6 imp:n=O $ Outside world 
C 
c Universe 1 
4 3 -0.725044 -8 
5 3 -0.725044 -9 

u = l  imp:n=l $ 1 Pu-239 and cellulose sphere 
u:l imp:n=l $ 2 Pu-239 and cellulose sphere 

6 0  a 9  u=l imp:n=l S 
C 
c Lattice ( 2  spheres with Pu-239 in 2 cubic feet of cellulose matrix) 
7 0 1 0  -11 12 -13 14 -15 lat=l fill=l u=2 imp:n=l $ Lattice 
C ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Surface cards 
C ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
'1 px 0.001 
'2 px 45.721 $ box length (1.5 Eoot) 
- 3  py 0.001 
*4 py 45.721 $ box width (1.5 foot) 

C 

5 pz 0.001 
6 pz 365.761 $ box height (12 feet) 
C More than 350.52cm (11.5 feet) - 4 tiers of 8-25 box heisht 
C (4~34.5" or 4~87.63 'cm) 
7 pz -300 $ concrete floor boundary 
8 s 1 5 . 0  15.0 30.72 15.0 $ 1st Pu-239 containing sphere 
9 s 15.0 15.0 60.72 15.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 45.72 $ 1 . 5  feet 
1 2  PY 0 
13 py 45.72 $ 1.5 feet 
14 pz 0 
15 pz 91.44 $ 2 x 1.5 feet 

C 

. c _._________________-____________________-------------------------------- 

C 
c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
c .  
C 
c Celulose matrix (Elements: C, H, 0 )  
ml 6000.50~ -0.444 

1001.50~ -0,062 
8016.50~ -0.493 

material 1 is not used in the problem. 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0, N a ,  Si, A l ,  Ca, Fe) 

m 
I 
0 
0 
P 



58- m2 1001.50~ -0.010 

60- 11023.50~ -0.029 

62- 14000.50~ -0.337 

53- 8016.50C -0.532 

61- 13027.50C -0.034 

63 - 20000.50C -0.044 
64- 26000.55C -0.014 
65- c Pu-239 and cellulose 
6 6 -  m3 94239.55~ -0,007219 
67 - 6000.50C -0.441246 
68-  1001.50C -0.061715 
69 - 8016.50~ -0,488982 
70- C 
71- mode n 
72- - print 40 60 80 100 110 126 
73- kcode 4000 1. 20 120 
74- ksrc 15.0 15.0 30.72 . 
7 5 -  15.0 15.0 60.72 
7 6 -  

total fission nubar data are being used. 
lmaterial composition 

the sum of the fractions of material 3 was 9.991620E-01 

materia 1 
number component nuclide, atom fraction . 

2 1001, 0.16803 8016, 0.56324 11023, 0.02136 13027, 0.02139 

3 94239, 0.00023 6000, 0.28572 1001, 0.47627 8016, 0.23777 
14000, 0,20319 20000, 0.01859 26000, 0.00925 

material 
number component nuclide, mass fraction 

7 1001. 0.01000 8016, 0.53200 11023, 0.02900 13027, 0.03400 

3 94239, 0.00723 6000, 0.44162 1001, 0.06177 8016, 0.48939 
14000, 0.33700 20000, 0.04400 26000, 0.01400 

warning. 1 of the materials had unnormalized fractions. 
lcells 

atom gram 
cell mat density density volume mass pieces 

1 1 0 0.00000E+00 0.00000E+00 7.64555E+05 0.00000E+00 0 

3 3 0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0 
2 2 2 8.179133-02 2.30000E+00 6.27038E+05 1.44232E+06 0 

4 4 3 5.61856E-02 7.25044E-01 1.41372E+04 1.02501E+04 1 
5 5 3 .5.618568-02 7.250448-01 1.41372E+04 1.02501E+04 1 
6 6 0 0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0 
7 7 0 0.00000E+00 0.00000E+00 1.311338+05 0.00000E+00 0 

total 1.61107E+06 1.46282E+06 

2 warning messages so far. 
lcross-section tables 

table length 

neutron 
importance 

1.0000E+00 
l.OOOOE+OO 
0.0000E+OO 
1.0000E+00 
l.OOOOE+OO 
1.0000E+00 
1.0000E+00 

print table 40 

print table 60 

print table 100 

1 

n 

1 

O Z  cn I 
m 1 
0 1  
0 1 

i 

P ; 



i 

tables from file critxs 

E 

1001.50~ 
6000.50~ 
8016.50~ 
11023.50~ 
13027.50~ 
14000.50~ 
20000.50~ 
26000.55~ 
94239.55~ 

total 

1153 njoy 
16126 njoy 
23669 njoy 
36270 njoy 
22891 njoy 
48275 njoy 
26104 njoy 
84136 njoy 
67551 njoy 

326175 

warning. neutron energy cutoff is below some cross-section tables. 

decimal words of dynamically allocated storage 

general 110992 
tallies 0 
bank 1 2 4 0 3  
cross sections 326175 

total nu 

( 1301) 
( 13061 

( 1276) 
( 1311) 
I 1313) 
I 1314) 
( 13201 
I 260) 

( 1399) 

79/07/31. 
79/07/31. 

79/06/21, 
79/09/08. 
79/06/21. 
79/06/22. 

05/24/81 

10/21/82 
02/21/85 

total 449570 

r * * , * ~ * * * . * * * t . * * t . l * * * * t * * * . * . * * . * * * * * ~ * * * * . * * * ~ L * * ~ * * * t ~ - * * * * t * t l r * * * t t ~ l . * * * * t * * * t * * - * + ~ * * * * * ~ * * . * * ~ ~ * ~ " * * * * . * * ~ ~ ~ * * * * ~  

dump no .  1 on file 3c900r nps = 0 COll = 0 ctm = 0.00 n m  = 0 

source distribution written to file 3~900s cycle = 0 

3 warning messages so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

k e€€, 74g of Pu-239 i n  cellulose spheres in 1.5 cubic f o o t  of pure celulose 

print table 110 

nps x 

1 1.500E+Ol 
1.500Et01 
1.500E+01 

2 1.500E+01 
1.500E+01 
1.500E+01 

3 1.500E+01 
1.500Et01 
1.500EcOl 

4 1.500E+01 
1,5008+01 
1.500E+01 

5 1.500E+01 
1.500E+01 
1.500E+01 

6 1.500E+01 
1.500E+01 
1.500E+01 

z cell lattice(i, j , k )  

3.0723+01 1 
3.072E+Ol 71 0, 0, 0) 
3.0728+01 4 
3.072E+01 1 
3.072Ec01 71 0, 0, 01 
3.072E+01 4 
3.072E+01 1 
3.0728+01 7( 0 .  0, 0 )  
3.072E+01 4 
3.072E+01 1 
3.072Ei01 7( 0 .  0 .  0) 
3.072E+01 4 
3.072E+01 1 
3.072E+01 7( 0, 0, 01 
3.0723+01 4 
3.072E+01 1 
3.0728+01 7( 0, 0, 0 )  
3.072E+Ol 4 

surface u V W energy weight time 

5.085E-01 4.733E-01 7.193E-01 2.209E+00 1.000E+00 0.000E+00 
5.0853-01 4.733E-01 7.193E-01 

0 5.085E-01 4.733E-01 7.193E-01 
8.952E-01 -4.447E-01 -2.944E-02 4.904E+00 1.000E+00 0.000E+00 
8.9528-01 -4.447E-01 -2.944E-02 

0 8.9528-01 -4.447E-01 -2.944E-02 

-6.184E-01,-4.495E-01 6.4468-01 
0 -6.184E-01 -4.495E-01 6.446E-01 

9.710E-01 -5.665E-02 -2.323E-01 1.331E+00 1.000Et00 0.000E+00 
9.710E-01 -5.665E-02 -2.3238-01 

0 9.710E-01 -5.665E-02 -2.323E-01 
5.861E-01 1.496E-01 -7.963E-01. 1 . 9 0 2 E i 0 0  1.000E+00 0.000E+00 
5.861E-01 1.496E-01 -7.963E-01 

0 5.8616-01 1.4968-01 -7.963E-01 
-6.489E-02 -1.626E-01 9.8458-01 4.410E-01 1.000E+00 0.000E+00 
-6.489E-02 -1.626E-01 9.8451-01 

0 -6.489E-02 -1.626E-01 9.845E-01 

-6.184E-01 -4.4958-01 6.446E-01 3.8098-01 1.000E+00 0.000E+00 

0 
0 
P 



7 1.500E+01 1.500Et01 3.072E+01 1 -7.0683-02 3.2638-02 -9.970E-01 4.7508-01 1.000E+00 0.000E+00 
1.500E+01 1.500E+01 3.0728+01 7( 0, 0, 0) -7.068E-02 3.2633-02 -9.970E-01 
1.500E+01 1.500E+01 3.0728+01 4 0 -7.068E-02 3.263E-02 -9.970E-01 

R 1 500E+01 1.500E+01 3.0723+01 1 -3.915E-01 4.664E-01 -7.932E-01 4.136E+00 1.000E+00 O.OOOE+OO - . - . . - . - 
1.500E+01 
1.500E+01 

9 1.500E+Ol 

1.500E+01 
10 1.500E+01 

1.500E+01 
1.500E+01 

11 1.500E+01 
1.500E+01 
1.500€+01 

12 ,1.500E+01 
1.300E+01 

' 1.500E+01 
13 1.500E+01 

1.500E+01 
l,500E+01 

14 1.500E+01 
1.500E+01 
1.500E+01 

15 1.500E+01 
1.500E+01 

1.500E+01 

1.500E+01 
16 1.500E+01 

1.500E+01 
1.500E+01 

17 1.500E+01 
1.500E+01 
1.500E+01 

18 1.500E+01 
1.500E+01 
1.500E+01 

19 1.500E+01 

7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 

0. 

0. 

0 .  

0. 

0. 

0 .  

0. 

0 .  

0. 
1.500E+01 3.072E+01 4 
1.500E+01 3.072E+01 1 
1.500E+01 3.072E+01 7( 0. 0 ,  0) 
1.500E+01 3.072Et01 4 
1.500E1.01 3.0723+01 1 
1.500E+01 3.072&+01 7( 0, 0, 0) 
1.500E+01 3.072E+01 4 
1.500E+01 3.0728+01 1 

-3.915E-01 4.664E-01 -7.9323-01 
0 -3.915E-01 4.664E-01 -7.932E-01 
-2.368E-01 9.2153-01 -3.079E-01 7.453E-02 1.000E+00 O.OOOE+OO 
-2.368E-01 9.215E-01 -3.0791-01 

0 -2.368E-01 9.215E-01 -3.0798-01 
1.946E-01 -3.2048-01 9.271E-01 3.1283+00 1.000E+00 0.000E+00 
1.946E-01 -3.204E-01 9.2713-01 

0 1.946E-01 -3.204E-01 9.271E-01 
-6,6983-01 -7.177E-01 -1.905E-01 1.014E+00 1.000E+00 0.000E+00 
-6.698E-01 -7.1773-01 -1.905E-01 

0 -6.698E-01 -7.1778-01 -1.905E-01 
-8.398E-01 -4.129E-01 3.5243-01 1.395E+OO 1.000E+00 O.OOOE+OO 
-8.398E-01 -4.129E-01 3!524E-01 

0 -8.3988-01 -4.129E-01 3.524E-01 
-1.714E-01 -8.572E-01 4.857E-01 7.748E-01 1.000E+00 O.OOOE+OO 
-1.714E-01 -8.5728-01 4.857E-01 

0 -1.714E-01 -8.572E-01 4.8578-01 
-2.489E-01 -5.118E-01 -8.2223-01 1.101E+00 1.000E+00 0.000E+00 
-2.489E-01 -5.118E-01 -8.222E-01 

0 -2.489E-01 -5.118E-01 -8.2228-01 
-2.9593-01 2.119E-01 9.314E-01 1.951E+00 1.000E+00 O.OOOE+OO 
-2.959E-01 2.119E-01 9.314E-01 

0 -2.959E-01 2.119E-01 9.314E-01 

1.395E-01 -9.829E-01 1.202E-01 
1.3953-01 -9.829E-01 1.202E-01 2.1863+00 1.000E+00 O.OOOE+OO 

0 1.395E-01 -9.829E-01 1.202E-01 
6.909E-01 -7.110E-01 1.307E-01 1.865E+00 1.000E+00 0.000E+00 
6.909E-01 -7.110E-01 1.307E-01 

0 6.909E-01 -7.110E-01 1.307E-01 
-6.580E-01 5.32OE-01 15.3293-01 1.229E+00 1.000E+00 O.OOOE+OO 
-6.5801-01 5.3203-01 -5.329E-01 

0 -6.580E-01 5.32OE-01 -5.329E-01 
-9.9038-01 -1.380E-01 1.353E-02 1.305E+00 1.000E+00 0.000E+00 

1.500E+01 1.500E+01 3.072E+01 7( 0, 0, 0) -9.903E-01 -1.380E-01 1.353E-02 
1.500E+01 1.500E+01 3.072E+01 4 0 -9.9033-01 -1.380E-01 1.353E-02 

1 5nnF+ni 1 5ooF+ni 3 072~toi 71 0 .  0 .  0 1  7.462E-01 4.859E-01 -4.551E-01 
20 1.500E+01 1.500E+01 3.072E+Ol 1 7.4623-01 4.859E-01 -4.5513-01 1.000E+00 1.000E+00 0.000E+00 

- _ _ _ _  _ _  ._ ._ - . _ _  .~ 
1 500E+01 1 500E+Ol 3 072E+01 4 0 7.4628-01 4.8598-01 -4.5513-01 _ . . _  ~ ~ ~ 

21 1.500E+01 1.500Ec01 3.072E+01 1 -1.977E-01 9.797E-01 3.360E-02 3.990E+00 1.000E+00 0.000E+00 
1.500Ec01 1.500E+01 3.072E+01 7( 0, 0 ,  0 )  -1.9773-01 9.797E-01 3.360E-02 
1.500E+01 1.500E+01 3.072Ec01 4 

22 1.500Ec01 1.500E+01 3.072E+01 1 
0 -1.977E-01 9.797E-01 3.360E-02 
-9.117E-01 -3.647E-01 -1.891E-01 2,6653-01 1.000E+OO 0.000E+00 

1.500E+01 1.500E+01 3.072E+01 7( 0, 0. 01 -9.117E-01 -3.647E-01 -1.891E-01 
1.500E+01 1.50OE+01 3.0723+01 4 0 -9.117E-01 -3.647E-01 -1.891E-01 

1.500E+01 1.500E401 3.072E+01 71 0. 0. 01 -4.287E-01 8.361E-01 -3.4233-01 
23 1.500E+01 1.500E+01 3.072E+01 1 -4.287E-01 8.361E-01 -3.423E-01 1.156E+00 1.000E+00 0.000E+00 

1.500E+01 
24 1.500E+01 

1.500E+01 
1.500E+01 

25 1.500E+01 
1.500E+01 
1.500E+01 

26 1.500E+01 
1.500E+01 
1.500E+01 

27 1.500E+01 
1.500E+01 

1.500E+01 3.0723+01 
1.500E+01 3.072E+01 
1.500E+01 3.072E+01 
1.500E+01 3.072E+01 
1.500E1.01 3.072E+01 
1.500Et01 3.072E+O1 
1.500E+01 3.0723+01 
1.500E+01 3.0728+01 
1.500E+01 3.072E+01 
1.500E+01 3.0723+01 
1.500E+01 3.0723+01 
1.500E+01 3.0723+01 

4 0 -4.2878-01 8.3613-01 -3.423E-01 
1 1.080E-01 3.412E-01 -9.338E-01 2.6698+00 1.000E+00 O.OOOE+OO 
7 (  0, 0. 0) 1.080E-01 3.412E-01 -9.338E-01 
4 0 1.080E-01 3.412E-01 -9.338E-01 
1 -9.111E-01 -9.0123-03 -4.122E-01 2.185E+00 1.000Ec00 0.000E+00 
71 0. 0. 0) -9.111E-01 -9.012E-03 -4.122E-01 . ,  
4 0 -9.111E-01 -9.0123-03 -4.1223-01 
1 -2.568E-01 -6.391E-01 -7.249E-01 4.225Ec00 l.OOOE+OO 0.000E+00 
7( 0. 0, 0) -2.568E-01 -6.3913-01 -7.2496-01 
4 0 -2.5683-01 -6.391E-01 -7.2493-01 

7( 0. 0, 0) -2.912E-01 8.086E-01 5.113E-01 
1 -2.9123-01 8.0863-01 5.113E-01 1.079Ec00 1.000E+00 0.000E+00 



28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

4 
1 
7( 0 ,  
4 
1 
7( 0 .  
4 
1 
7( 0 .  
4 
1 
7( 0. 
4 
1 
71 0. 
4 
1 
7 (  0 .  
4 
1 
71 0. 
4 
1 
7( 0 .  
4 
1 
7( 0 ,  
4 
1 
7i 0, 
4 
1 
7( 0. 
4 
1 
71 0, 
4 
1 
7( 0. 
4 
1 
7( 0, 
4 
1 
7( 0. 
4 
1 
7( 0, 
4 
1 
7( 0. 
4 
1 
7( 0, 
4 
1 
7( 0, 
4 
1 
7( 0. 
4 
1 

0 -2.912E-01 8.086E-01 5.113E-01 
1.4723-01 -9.514E-01 2.7053-01 
1.472E-01 -9.514E-01 2.705E-01 

O )  0 1.472E-01 -9.514E-01 2.705E-01 
-6,1358-01 -7.645E-01 -1.9788-01 
-6,1353-01 -7.6453-01 -1.978E-01 

O' 0 -6,135E-01 -7.645E-01 -1.978E-01 
-5.7023-01 5.651E-01 -5.963E-01 

0 )  -5.702E-01 5.651E-01 -5.963E-01 
0 -5.702E-01 5.6513-01 -5.963E-01 
-6.6073-01 5.3738-01 -5.2423-01 
-6.607E-01 5.373E-01 -5.242E-01 

O )  0 -6.607E-01 5.373E-01 -5.242E-01 
-9.742E-02 -3.639E-01 -9.263E-01 

0 )  -9.7423-02 -3.639E-01 -9.2633-01 
0 -9.742E-02 -3.639E-01 -9.263E-01 
-1.965E-01 -3.145E-01 -9.287E-01 

0) -1,9653-01 -3.145E-01 -9.2873-01 
0 -1.965E-01 -3.145E-01 -9.287E-01 

4.097E-01 8.465E-01 -3.399E-01 
01 4.097E-01 8.4653-01 -3.399E-01 

0 4.0973-01 8.465E-01 -3.399E-01 
-4,0488-02 8.831E-01 4.6758-01 

0 )  -4.048E-02 8.831E-01 4.675E-01 
0 -4.048E-02 8.831E-01 4.675E-01 

3.371E-01 -9.269E-01 -1.652E-01 
0 )  3.371E-01 -9.2693-01 -1.6523-01 

0 3.3718-01 -9.269E-01 -1.6523-01 
-1.867E-01 9.756E-01 -1.155E-01 
-1.867E-01 9.756E-01 -1.155E-01 

0 -1.867E-01 9.756E-01 -1.155E-01 
-2.616E-01 2.3363-01 -9,365E-01 

0 )  -2.6163-01 2.336E-01 -9.365E-01 
0 -2.616E-01 2.336E-01 -9.3653-01 

9.780E-01 -7.641E-02 -1.939E-01 
0 )  9.780E-01 -7.641E-02 -1,939E-01 

0 9.780E-01 -7.6418-02 -1.9393-01 
2.580E-01 -7.0766-01 6.5788-01 

01 2.580E-01 -7.076E-01 6.5781-01 
0 2,5803-01 -7.076E-01 6.578E-01 
-3.212E-01 -7.678E-01 -5.543E-01 

01 -3.212E-01 -7.678E-01 -5.543E-01 
0 -3.212E-01 -7.678E-01 -5.543E-01 

5.039E-01 -1.46OE-01 8.513E-01 
5.039E-01 -1.460E-01 8.513E-01 

0 5.039E-01 -1.460E-01 8.513E-01 
6.080E-01 5.487E-01 5.738E-01 

0 )  6.080E-01 5.487E-01 5.738E-01 
0 6.080E-01 5.487E-01 5.7388-01 
-2.932E-01 9.304E-01 -2.199E-01 

0)  -2.9323-01 9.3048-01 -2.199E-01 
0 -2.9328-01 9.3048-01 -2.199E-01 
-8.475E-01 -3.993E-01 -3.4978-01 

0 )  -8.475E-01 -3.993E-01 -3.497E-01 
0 -8.475E-01 -3.993E-01 -3.4973-01 

1.200E-01 -9.195E-01 -3,7438-01 
0) , 1.200E-01 -9.195E-01 -3.743E-01 

0 1.200E-01 -9.195E-01 -3.743E-41 
7.085E-01 5.879E-01 3.9043-01 

01 7.0858-01 5.8793-01 3.904E-01 
0 7.085E-01 5.879E-01 3.904E-01 

4.261E-01 9.0463-01 9.254E-03 

3.461E+00 

1.836Ec00 

4.5568-01 

6.415E-01 

2.764E+00 

2.785E-01 

9.097E-01 

3.360E-01 

6.3768-01 

2.186E+00 

7.314E-01 

2.997E-01 

1.444Et00 

1.914E+00 

1.502Ec00 

5.971Ec00 

1.827Et00 

1.9283+00 

1.351EtOO 

2.288E+00 

1.230E+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

1. OOOE+OO 

1.000E+00 

1. OOOE+OO 

1.000Et00 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

l,000E+00 

1.000E+00 

l,000E+00 

1. OOOE+OO 

l.OOOE+OO 

1.000E+00 

1.000E+00 

l.OOOE+OO 

0 .  OOOE+OO 

0.000E+00 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.O00E+OO 

0 .  OOOEcOO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

0.000E+00 

0.000E+00 

0.000E+00 

O.OOOE+OO 



1.500E+01 
1.500E+01 

49 1.500E+01 
1.500E+01 
1.500E+01 

50 1.500E+01 
1.500E+01 
1.500E+01 

lestimated keff 

1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
l.SOOE+Ol 
1.500E+01 
1.500E+01 
results by 

3.072E+01 7( 
3.0723+01 4 
3.0721+01 1 
3.072&+01 7( 
3.072E+01 4 
3.0723+01 1 
3.072E+Ol 7( 
3.072Et01 4 
cycle 

source distribution written to file 3~900s 

Source distribution written to file 3~900s 

source distribution written to file 3~900s 

0. 0, 0 )  4.2613-01 9.046E-01 9.2541-03 
0 4.2613-01 9.046E-01 9.254E-03 

5.431E-01 4.270E-01 -7.230E-01 1.433E+00 1.000E+00 O.OOOE+OO 
0. 0 .  0 )  5.43lE-01 4.270E-01 -7.230E-01 

0 5.431E-01 4.270E-01 -7.230E-01 

0 ,  0. 0 )  -1.053E-01 -9.8053-01 1.658E-01 
0 -1.053E-01 -9.805E-01 1.658E-01 

-1.053E-01 -9.8053-01 1.6588-01 6.5723-01 1.000E+00 0.000E+00 

print table 175 

cycle = 20 

cycle = 24 

cycle = 28 

source,distribution written to file 3~900s cycle = 32 

source distribution written to file 3~900s cycle = 36 

source distribution written to file 3~900s cycle = 40 

source distribution written to file 3~900s cycle = 44 

source distribution written to file 3~900s cycle = 48 

Source distribution written to file 3~900s cycle = 52 

source distribution written to file 3~900s cycle = 56 

* *  t . t " * * + * * * * t , * * * ~ * ~ . . . * ~ ~ * * ~ * * . * ~ . . * . * ~ * * * * , ~ * . * ~ ~ . * * * ~ ~ ~ * * * * * * * , . " * * * " . * * * * * ~ ~ ~ ~ * * , * * * * * * ~ ~ ~ , * ~ , " ~ * * ~ * , * * * * * * . ~ . * ~ * ~  
dump no. 2 on file 3c900r nps = 235183 coll = 18259513 ctm = 15.21 nrn = 331176655 

source distribution written to file 3~900s cycle = 60 

source distribution written to file 3~900s cycle = 64 

source distribution written to file 3~900s cycle = 68 

source distribution written to file 3~900s cycle = 72 

source distribution written to file 3~900s cycle = 76 

source distribution written to file 3~900s cycle = 80 

source distribution written to file 3~900s cycle = 84 

source distribution written to file 3~900s cycle = 88 

source distribution written to file 3~900s cycle = 92 

source distribution written to file 3~900s cycle = 96 

estimator cycle 100 ave oE 80 cycles combination simple average combined average corr 

. k(trk length) 0.915361 0.906639 0.0016 k(tk ln/col) 0.906685 0.0016 0,906729 0.0016 0.9806 

klcollision) 0.914137 0.906731 0.0016 k(col/abs) 0.909152 0.0010 0,909555 0.0010 -0.1134 
k(absorption) 0.322896 0.911572 0.0013 k(abs/tk In) 0.909105 0.0010 0.909547 0.0010 -0.1366 

rem life(co1) 8.23873+04 8.01658+04 0.0035 k(col/abs/tk In) 0.908319 0.0011 0.909592 0,0010 
rem life(abs) 8.1730E+04 8.01368+04 0.0026 life(col/absl 8.0150Et04 0.0029 8.0121E+04 0.0024 0.8915 
source points generated 3948 
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source distribution written to file 3~900s cycle = 100 

source distribution written to file 3~900s cycle = 104 

source distribution written to file 3~900s cycle = 108 

source distributiod written to file 3~900s cycle = 112 

estimator cycle 116 ave of 96 cycles combination simple average combined average corf 
k(col1isionl 0.896183 0.907270 0,0015 k(col/absl 0.909167 0.0009 0.909518 0.0009 -0.0997 
k(absorpti0n) 0,931431 0.911065 0.0012 k(abs/tk In1 0.909191 0.0009 0.909559 0.0009 -0.1223 
k(trk length) 0.897626 0.907317 0.0015 k(tk In/col) 0.907293 0.0015 0,907270 0.0015 0.9821 
rem life(co1) 7.5723E+04 8.0210E+O4 0,0032 k(col/abs/tk In) 0.908550 0.0010 0.909547 0.0009 
rem lifelabs1 7.74638+04 8.0203E+04 0,0024 life(col/abs) 8.02073+04 0.0027 8.0200E+04 0.0022 0.8927 
source peints generated 3968 

source,distribution written to file 3~900s cycle = 116 

estimator cycle 117 ave of 97 cycles combination simple average combined average corr 
k(col1ision) 0.894256 0.907136 0.0014 k(col/absl 0.909107 0.0009 0.909980 0.0009 -0.1005 
k(absorption) 0.912422 0.911079 0,0012 k(abs/tk In1 0.909132 0.0009 0,909522 0.0009 -0.1230 
k(trk length) 0.894585 0.907185 0.0015 k(tk lnlcol) 0.907161 0.0015 0,907136 0.0015 0.9823 
rem life(co1) 8.1235E+04 8.0221E+04 0,0031 k(col/abs/tk In1 0.908467 0.0010 0.909510 0.0009 
rem lifelabs) 8.1300E+04 8.0215E+04 0,0023 life(col/absl 8.0218E+04 0.0027 8.021?E+04 0 ,0022  0.8929 
source points generated 3938 

estimator cycle 118 ave of 98 cycles combination simple average combined average corr 
k(co1lision) 0.915981 0.907226 0.0014 k(col/absI 0.909152 0.0009 0,909520 0.0009 -0.1004 
k(absorption1 0.910963 0.911077 0.0012 k(abs/tk In1 0.909180 0.0009 0,909565 0.0009 -0.1227 
k(trk length) 0.916706 0.907283 0.0015 k(tk ln/coll 0.907254 0.0014 0,907226 0.0014 0.9824 
rem life(col1 8.3905E+04 8.0258E+04 0.0031 k(col/abs/tk In1 0.908529 0.0010 0.909552 0.0009 
rem life(abs1 8.2909E+04 8.0242E+04 0.0023 life(col/abs) 8.02503+04 0.0027 8.0234E+04 0.0022 0.8952 
source points generated 4132 

* t * ~ * ~ * * r * * * * * t * * * r t ~ * ~ ~ * * ~ ~ * * * * ~ * * * * , * * * * * * ~ * . * ~ * ~ * * ~ * * , ~ * ~ * * ~ ~ , * * . * , * . * ~ * * * * " * . ~ * * * ~ * ~ , ~ ~ * * " " * , * * * * ~ ~ , ~ * ~ * , ~ ~ * ~ ~ ~ ~ * * ,  

dump no .  3 on file 3c900r nps = 470495 coll = 36369048 ctm = 30.33 nrn = 659778394 

estimator 
klcollision) 
k (absorption1 
k( trk length) 
rem life(col1 
rem life(abs1 
source points 

estimator 
k (coll ision! 
klabsorptionl 
k(trk length) 
rem life(col1 
rem life(abs1 
source points 

cycle 119 ave of 99 cycles 
0.924226 0.907398 0.0014 
0.916330 0.911130 0.0011 
0.921996 0.907431 0.0015 

8.1932E+04 8.0275E+04 0.0031 
8.0433E+04 8.0244E+04 0.0023 

generated 4077 

cycle 120 ave of 100 cycles 
0.907659 0.907400 0.0014 
0.894923 0.910968 0.0011 
0.910792 0.907465 0.0014 

8.2829E+04 8.03018+04 0.0031 
8.19958+04 8.0262E+04 0.0023 

generated 3950 

combination simple average 
k (col /abs I 0.909264 0 .0009  
k(abs/tk In) 0.909281 0.0009 
k(tk ln/col) 0.907414 0.0014 
k(col/absltk In1 0,908653 0.0010 
life(col/abs) 8.0260E+04 0 . 0 0 2 6  

combination simple average 
k(col/abs) 0,909184 0.0009 
k(abs/tk In! 0.909217 0.0009 
k(tk In/coll 0.907433 0.0014 
k(col/abs/tk 11-11 0.908611 0.0010 
life(col/abs) 8.0281E+04 0.0026 

source distribution written t o  f i l e  3~900s cycle = 120 
lproblem summary 

run terminated when 120 kcode cycles were done. 

combined average 
0.909636 0.0009 
0.909666 0,0009 
0.907400 0.0014 
0.909662 0.0009 

8.0228E+04 0 . 0 0 2 2  

combined average 
0.909521 0.0009 
0.909563 0.0009 
0.907404 0.0014 
0.909564 0.0009 

8.0241E+04 0 .0022  

corr 
-0.0927 
-0,1161 
0.9824 

0.8938 

corr 
-0.0919 
-0 .1186 
0.9822 

0.8948 

+ 02/08/01 21:41:00 
k eff, 74g of Pu-239 in cellulose spheres in 1.5 cubic foot of pure celulose probid = 02/08/01 21:10:07 

0 

0 
v1 
m 

1 
0 
0 
P 

weight energy tracks weight energy neutron loss neutron creation tracks 



(per source particle) 

1.0027E+00 2.1114E+00 

(per source particle) 

source 

weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
upscattering 

(n,xn) 
fission 

total 

478704 

0 
0 
0 
0 
0 
0 
0 

. o  

0 
0 

478704 

0. 
0. 
3.41008-02 
0. 
0. 
0. 
0. 
0. 

0’. 
0. 
2.0635E-08 
0. 
0. 
0. 
0. 
3.9717E-07 

0. 0. 
0. 0. 
1.0368E+00 2.1114Et00 

number of neutrons banked 0 
neutron tracks per source particle 1.0000Et00 
neutron collisions per source particle 7.7321E+01 
total neutron collisions 37013641 
net multiplication 1.0000E+00 0.0000 

computer time so far in this run 30.87 minutes 
computer time in mcrun 30.86 minutes 
source particles per minute 1.5510E+04 
random numbers generated 671472018 

range of sampled source weights = 9.3941E-01 to 1.0689E+00 
lneutron activity in each cell 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
downscattering 
capture 
loss to (n,xn) 
loss to fission 

total 

112813 
0 
0 
0 
0 

365891 
0 
0 
0 
0 
0 
0 
0 
0 

478704 

average lifetime, shakes 
escape 7.2729Et04 
capture 8.2471E+04 
capture or escape 8.0541E+04 
any termination 8.49231+04 

maximum number ever in bank 
bank overflows to backup file 
field length 
most random numbers used was 

1.9857E-01 
0. 
0. 
0. 
0. 
3.4132E-02 
0. 
0. 
0. 
0. 
0. 
4.8813E-01 
0. 
3.1598E-01 
1.0368E+00 . 

1.2551E-01 
0. 
0. 
0. 
0. 
4.1910E-06 
0. 
0. 
0. 
0. 
1.9605E+00 
2.4402E-02 
0. 
9.4770E-04 
2.1114Et00 

cutoffs 
tco 1.0000E+34 
eco 0.0000E+00 
wcl -5.0000E-01 
wc2 -2.5000E-01 

0 
0 
0 

13759 in history 443804 

print table 126 

tracks population collisions collisions number flux average average 
cell entering * weight weighted weighted track weight track mfp 

(per history) energy energy (relative) (cm) 

1 1  0 0 0 O.OOOOE+OO 0.0000E+00 0.0000E+OO O.OOOOE+OO O.OOOOE+OO 
2 2  214129 139225 7850790 9.5053EtOO 4.9894E-05 2.2953E-01 6.13063-01 2.1160E+00 
4 4 1291594 420991 15488439 2.4695Et01 1.58573-04 5.3282E-01 8.25703-01 2.7947EtOO 
5 5 1138770 410004 13674412 2.1987E+01 1.63608-04 5.43803-01 8.31763-01 2.82453+00 
6 6 9177993 452621 0 0.0000E+OO 1.59783-04 5.3041E-01 8.20428-01 0.0000E+00 
7 7  0 0 0 0.0000E+OO 0.0000E+00 O.OOOOE+OO 0.0000Et00 0.0000E+00 

total 11822486 1422841 37013641 5.6188E+Ol 
lkeff results for: k eff. 74g of Pu-239 in cellulose spheres in 1.5 cubic foot of pure celulose probid = 02/08/01 21:10:07 

the initial fission neutron source distribution used the 
the criticality problem was scheduled to skip 4000 neutrons per cycle. 
this problem has run 20 inactive cycles with 79695 neutron histories and 100 active cycles with 399009 neutron histories. 

2 source points that were input on the ksrc card: 
2 0  cycles and run a total of 120 cycles with nominally 

this calculation has completed the requested number of keff cycles using a total of 478704 fission neutron source histories 
all cells with fissionable material were sampled and had fission neutron source points. 

the results of the w test for normality applied to the individual collision, absorption, and track-length keff cycle values are: 

the k( collision) cycle values appear normally distributed at the 95 percent confidence level 
the k(absorption1 cycle values appear normally distributed at the 95 percent confidence level 
the k(trk length) cycle values appear normally distributed at the 95 percent confidence level 



i i 

I 
1 the final estimated combined collision/absorption/track-length keff = 0.90956 with an estimated standard deviation of 0.00079 1 

i 1 the estimated 6 8 ,  95, & 99 percent keff confidence intervals are 0.90877 to 0.91036, 0.90798 to 0.91114, and 0.90747 to 0.91166 
i I 

I the estimated collision/absorption neutron removal lifetime = 8.02E-04 seconds with an estimated standard deviation of 1.75E-06 1 
I 1 

the estimated average keffs, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

keff estimator keff standard deviation 68% confidence 95% confidence 99% confidence corr 

collision 0.90740 0.00129 0.90611 to 0,90869 0,90483 :to 0,90997 0,90400 to 0.91081 
absorption 0.91097 0.00105 0.90992 to 0.91202 0.90888 to 0.91305 0.90820 to 0,91373 

track length 0.90746 0.00131 0.90615 to 0.90878 0.90486 to 0,91007 0,90401 to 0,91092 
col/absorp 0.90952 0.00080 0.90872 to 0,91032 0.90794 to 0.91110 0,90742 to 0.91162 -0,0919 
abs/trk len 0,90956 0.00079 0.90877 to 0,91035 0,90799 to 0.91113 0,90748 to 0.91164 -0,1186 
col/trk l e n  0.90740 0.00130 0.90611 to 0.90870 0.90482 to 0,90999 0.90398 to 0,91083 0,9822 

col/abs/trk len 0.90956 0.00079 0.90877 to 0.91036 0.90798 to 0.91114 0,90747 to 0,91166 

if the largest of each keff occurred on the next cycle, the keff results and 68, 95, and 99 percent confidence intervals would be: 

keff estimator keff standard deviation 68% confidence 95% confidence 99% confidence 

collision 0,90767 0.00131 0.90637 to 0.90898 0.90507 to 0.91027 0.90423 to 0.91112 
absorption 0,91122 0.00107 0.91015 to 0.92228 0.90909 to 0,91334 0.90840 to 0.91403 

track Iength 0.90774 0.00133 0.90642 to 0.90907 0.90510 to 0.91038 0.90424 to 0.91125 
col/abs/trk len 0.90983 0.00083 0.90900 to 0.91066 0.90818 to 0.91148 0.90764 to 0.91202 

che estimated collision/absorption neutron lifetimes, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

type 1ifetimeIsec) standard deviation 688 confidence 95% confidence 99% confidence 

removal 8.0241E-04 1.7499E-06 8.0066E-04 to 8.04173-04 7.9893E-04 to 8.0590E-04 7.9779E-04 to 8.0704E-04 
capture 8.2239E-04 1.76156-06 8.2063E-04 to 8.2416E-04 8.1889E-04 to 8.2590E-04 8.17748-04 to 8.2705E-04 
fission 7.9294E-04 1.7449E-06 7.9119E-04 to 7.94688-04 7.8946E-04 to 7,9641E-04 7.8833E-04 to 7.97558-04 
escape 7.2310E-04 4.36006-06 7.1874E-04 to 7.2747E-04 7.14423-04 to 7,3179E-04 7.11583-04 to 7.3462E-04 

laverage individual and combined collision/absorption/track-length kef€ results for 7 different batch sizes 

cycles per. number of average keff estimators and deviations normality average k(c/a/t) kic/a/t) confidence intervals 
keff batch k batches k(coll st dev klabs) s t  dev kltrk) st dev co/ab/trk k(c/a/t) st dev 958 confidence 99% confidence 

1 100 I 0.9074 0.0013 
2 50 1. 0.9074 0.0013 
4 25 0.9074 0.0014 
5 20 0.9074 0.0014 
10 10 0.9074 0.0013 
20 5 1 0.9074 0.0014 
25 4 I 0.9074 0.0013 

lindividual and average keff estimator 

0.9110 0,0010 
0.9110 0.0010 
0.9110 0.0009 
0.9110 0.0011 
0.9110 0.0008 
0.9110 0.0008 
0.9110 0.0013 
results by cyc 

0.9075 0.0013 
0.9075 0,0013 
0.9075 0.0014 
0.9075 0.0014 
0.9075 0.0013 
0.9075 0.0014 
0.9075 0,0015 

le 

95/95/951 0.90956 0.00079 0.90798-0.91114 0,90747-0.91166 
95/95/95( 0.90976 0.00080 0.90815-0.91138 0,90761-0.91192 
95/95/95( 0.90996 0.00082 0.90825-0.91166 0.90764-0.91228 
95/95/95( 0.90957 0.00081 0.90786-0.91128 0.90722-0.91192 
95/95/95( 0.91045 0.00054 0.90918-0.91172 0,90857-0.91233 
95/95/95 0.91055 0.00055 0.90818-0.91292 0.90508-0.91602 
95/95/95/ 0.90982 0.00019 0.90744-0.91220 0.89791-0.92173 

average k(c/a/t) keff neutron keff estimators by cycle average keff estimators and deviations 
cycle histories k(col1) k(abs) kltrackl k(col1) st dev k(abs) st dev k(track) st dev k(c/a/t) st dev fom 

1 4000 0.96748 0.98696 0.96709 I 
2 3794 I 0.93827 0.92339 0.93995 I 

1 
0 2  

m 
c1 
rn 

1 
0 
0 
)--L 



0.91279 0.92345 0 .90964 
0 .89480 0 .89816 0 .89159 
0 .91016 0 .90779 0 . 9 1 1 1 0  
0.91030 0 .89887 0 . 9 0 9 9 6  

0.90643 0 .00226 0.91189 0.00174 0 .90657 0 .00224 
0 . 9 0 6 1 1  0.00222 0 .91151 0.00173 0.90616 0.00222 
0.90622 0 . 0 0 2 1 6  0 .91141 0.00169 0.90629 0.00216 
0.90633 0 . 0 0 2 1 1  0.91108 0.00167 0 .90639 0 . 0 0 2 1 1  

3894 I 0.92078 
3919 I 0 . 9 0 9 0 1  
3967 I 0.89108 
3865 I 0 .90149 
4088 I 0.91314 
4 0 9 1  I 0 .92797 
3992 [ 0.90975 
3946 1 0 . 9 0 6 8 1  

0.90873 0 .92443 
0.91922 0.90803 
0 .92279 0 . 8 9 2 5 2  
0 .89925 0 .89587 
0 .90255 0 .91482 
0 .90174 0.92102 
0.88319 0 . 9 1 0 9 6  
0 .91178 0 . 9 0 8 5 6  

11 4130 
12 3 9 8 0  
1 3  3 9 6 1  

0 .92592 0 . 9 0 9 8 9  0.92674 
0 .92612 0 , 9 0 2 5 0  0 . 9 2 6 8 1  
0.91623 0 , 9 1 0 9 1  0 .91574 
0 .88260 0 . 9 0 9 4 4  0.88395 
0 . 9 1 9 3 2  0.90207 0 .91715 
0 .91335 0.90395 0 .91889 
0.91852 0 .91640 0 .92187 
0 .91279 0 .92348 0 , 9 1 2 0 1  
0 . 9 4 2 8 1  0 .89964 0 .93820 
0 .89947 0 . 9 3 0 7 0  0 .90399 
begin active keff cycles 

0.90930 0 . 9 2 3 7 1  0.90797 
0 . 9 1 0 3 1  0 .88623 0 . 9 1 4 5 8  
0 .90830 0 . 9 1 2 5 6  0 .91148 
0 .88828 0 .91164 0 .89108 
0 .89551 0 .91571 0 .89773 
0 .87757 0.90387 0 . 8 8 1 1 2  
0 .91824 0.90909 0 . 9 2 1 5 2  
0.89284 0 . 9 2 7 2 1  0 .89396 
0 . 9 0 2 7 1  0 .89399 0 . 9 0 1 5 8  
0.90057 0 .91349 0 . 8 9 5 4 4  

14  3988 
1 5  ‘ 3780 
1 6  * 4 1 5 9  
1 7  

1 9  
20  

2 1  
22 
23 
24  
25 
26  
27  
28  
29  
30  

3 1  
32 
33 
34 
35  
3 6  
37 
38 
39 
40 

4 1  
42 
43 
4 4  
45 
46 
47 
48 
49 
50 

5 1  
52 
53 
54 
5 5  
56 
57 
58 
59 

18  . 

- - - - - - - - 

- - - - - - - - . 

- - - - - - - 

- - - - - - - - - 

3897 
4088 
4006 
4 1 5 0  

3 7 8 1  
3907 
3970 
3935 
3956 
4063 
3913 
4258 
3 8 7 1  
4 0 6 1  

- - - - - - - - 

0 . 9 0 9 8 1  0 . 0 0 0 5 1  
0 . 9 0 9 3 1  0 . 0 0 0 5 8  
0.90405 0 . 0 0 5 2 7  
0.90234 0 .00443 
0 . 8 9 8 2 1  0 . 0 0 5 4 9  
0 .90107 0 .00545 
0 .90004 0.00483 
0.90034 0.00427 
0.90036 0.00382 

0 .90497 0.01874 
0 .90750 0 .01111 
0.90853 0.00792 
0 .90997 0.00630 
0 . 9 0 8 9 5  0 .00525 
0.90897 0.00443 
0 .91125 0 .00447 
0 .90933 0 .00438 
0 .90975 0.00399 

0 .91128 0 , 0 0 3 3 1  
0 .91134 0 . 0 0 1 9 1  
0.90628 0 .00524 
0.90457 0 . 0 0 4 4 1  
0 .90066 0 .00531 
0 .90364 0 .00539 
0.90243 0 .00482 
0 .90233 0.00425 
0.90164 0 .00387 

0.91329 0.00748 
0 .91329 0 .00529 
0.91542 0 . 0 0 5 5 8  
0 .91737 0.005.79 
0 .91784 0 .00540 
0.90773 0 . 0 0 4 9 1  
0 .90608 0 .00399 

14848 
23794 
17858 
14215 
14213 
15009 
2 6 4 9 1  

25753 
30703 . 
33872 
41886 
50287 
47869 
51451 
44393 
47621 
50051 

42191 
48076 
50784 
55107 
57495 
57010 
60424 
62674 
65332 
55047 

57744 
56386 
58922 
58957 
5 8 6 5 1  
53362 
55203 
56370 
56663 

- - - - - - - 

. - - - - - - 

. - - - - - - 

. - - - - - - - - - 
0 .91002 
0 . 9 1 4 4 1  
0 . 9 1 3 9 1  
0 . 8 9 8 4 1  
0 .90224 
0.91948 
0 .90256 
0 . 9 1 8 9 1  
0.90684 
0 .91610 

- - - - - - - - -. 
0.92018 
0 . 8 9 6 2 6  
0 .91033 
0 . 9 1 8 3 1  
0 , 9 0 9 8 9  
0 . 8 7 2 4 7  
0 .90564 
0 . 9 1 7 0 7  
0 . 9 1 6 8 9  
0 . 8 9 0 2 9  

3919 1 0 .91674 
4 0 1 5  I 0.89918 
3797 I 0 .91067 
4055 I 0 .91777 
4032 I 0.91210 
4082 I 0 .86864 
3797 I 0.90493 
4159 0 . 9 1 3 0 9  
4059 I 0 .91602 
4028 1 0 .89180 

0 . 9 0 1 8 5  0 . 0 0 3 7 6  
0.90163 0 .00344 
0.90232 0 .00324 
0.90343 0 .00320 
0 . 9 0 4 0 1  0.00303 
0 ,90180 0 .00360 
0 .90198 0 .00338 
0 .90260 0 .00325 
0 .90330 0 . 0 0 3 1 5  
0 .90273 0 . 0 0 3 0 5  

0.90977 0 .00356 
0 .91016 0.00328 
0.91045 0.00303 
0.90959 0.00293 
0 .90910 0.00277 
0.90975 0 .00267 
0.90932 0.00255 
0.90986 0 .00246 
0 .90970 0.00233 
0.91002 0 . 0 0 2 2 4  

0 .90333 0 .00388 
0.90274 0 .00359 
0.90332 0 .00336 
0 .90439 0 .00329 
0.90476 0 .00308 
0 .90274 0 .00352 
0 .90291 0 . 0 0 3 3 1  
0 .90370 0 .00322 
0 .90439 0.00312 
0 .90369 0 .00304 

0 .90700 0.00338 
0 .90685 0 . 0 0 2 9 6  
0.90744 0 . 0 0 2 7 1  
0.90743 0.00235 
0 .90720 0.00207 
0 .90728 0.00205 
0 .90705 0 .00192 
0.90747 0 . 0 0 2 0 1  
0.90770 0 .00189 
0 .90762 0.00179 

3764 
4160 
3924 . 4009 
3989 
3977 
3875 
4102 
4025 
4092 

0 .90840 0 . 0 0 1 9 1  
0.90856 0.00175 
0 .90868 0 . 0 0 1 6 6  
0.90902 0 . 0 0 1 5 6  
0 .90906 0.00150 
0 .90913 0 . 0 0 1 4 8  
0 .90896 0 .00141 
0 .90892 0 . 0 0 1 3 6  
0.90889 0 . 0 0 1 3 1  
0 .90926 0 . 0 0 1 4 0  

0.91617 
0.91483 
0 .91074 
0 . 9 3 4 1 1  
0.90755 
0 .88905 
0 .91625 
0 .89286 
0 .90383 
0 .91039 

0.92726 
0.91349 
0 .91069 
0 . 9 0 0 3 0  
0 .91038 
0 .92647 
0.89900 
0 . 9 2 1 2 8  
0 . 9 1 2 7 0  
0.93405 

0 . 9 1 5 8 5  
0 . 9 0 8 6 5  
0 . 9 1 0 9 1  
0 . 9 3 5 5 1  
0 .90843 
0 . 8 9 1 1 8  
0 . 9 1 6 4 1  
0 . 8 8 8 6 0  
0 .90139 
0 . 9 1 0 2 1  

0.90337 0 ,00297 
0 . 9 0 3 8 9  0.00288 
0 .90419 0 .00276 
0.90543 0.00293 
0.90552 0 . 0 0 2 8 1  
0.90489 0 .00277 
0 .90531 0 .00270 
0.90486 0.00264 
0.90483 0 . 0 0 2 5 5  
0 . 9 0 5 0 1  0 .00297 

0 .91084 0 .00228 
0.91096 0.00218 
0 .91095 0.00208 
0.91050 0 .00204 
0.91050 0.00196 
0 , 9 1 1 1 1  0 .00198 
0 .91067 0.00196 
0.91104 0.00192 
0 .91110 0 .00186 
0.91187 0.00195 

0.90427 0 .00295 
0 .90447 0.00282 
0.90475 0 . 0 0 2 7 1  
0.90603 0.00290 
0 .90612 0 .00278 
0 .90555 0.00273 
0.90595 0 .00266 
0 .90533 0 .00264 
0 .90520 0 . 0 0 2 5 5  
0 .90536 0 .00247 

3986 
4033 
4053 
3870 
3980 
4063 
3890 
4078 
3960 

0.90949 0 .00134 
0 .90988 0 .00134 
0 .90985 0 .00129 
0 .90961 0 .00127 
0 .90983 0 .00125 
0.90939 0 . 0 0 1 3 0  
0.90938 0.00126 
0.90918 0 .00123 
0.90913 0 . 0 0 1 2 1  

i 



0.90175 
0 . 8 9 7 6 7  
0 .89214 
0 . 9 1 2 1 5  
0 .91378 
0 .89634 
0 .90642 
0 . 9 0 4 0 5  
0 .90344 
0 , 9 3 2 5 9  _ _ _ _ _ - -  ---  

0.90607 0 .00204 
0.90587 0.00200 
0.90555 0.00198 
0 .90570 0.00194 
0.90588 0 .00190 
0.90567 0.00187 
0 .90569 0.00183 
0.90565 0 .00179 
0 .90561 0 .00176 
0 .90615 0 .00180 

0 . 9 1 1 1 8  0.00157 
0 ,91137 0.00154 
0 . 9 1 1 5 4  0 .00151 
0 .91144 0 .00148 
0.91120 0.00147 
0.91114 0.00144 
0 .91103 0 . 0 0 1 4 1  
0.91105 0.00138 
0.91077 0 .00138 
0.91097 0.00137 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ -  

0 .90635 0 .00205 
0 .90614 0 . 0 0 2 0 1  
0 .90574 0 .00200 
0.90599 0 .00197 
0.90619 0.00194 
0.90600 0.00190 
0 .90607 0 . 0 0 1 8 6  
0 .90597 0 .00183 
0.90589 0 .00179 
0 . 9 0 6 4 1  0 .00183 

1 0 .90929 0 .00118 
0 . 9 0 9 3 1  0.00116 
0 .90928 0 .00114 I 0 . 9 0 9 3 1  0 .00112 
0.90922 0.00109 

1 0.90913 0 .00107 

0 .90906 0 .00103 
0 .90879 0 .00103 

I 0.90923 0 .00106 

j 0 .90909 0 .00105 

56017 
56785 
57447 
58798 
60598 
60755 
61817 
63343 
62526 
57768 

50297 
51537 
50043 
51439 
50230 
50252 
49983 
46098 
45947 
46823 

.---__ 

6 1  4209 
62 3916 
63 3917 
64 3976 
65  4001 
66 4000 
67  3974 
68 4059 
69 3 9 8 1  
7 0  3946 _ _ _ _ _ _ - - _ _ _ _ _ _ _ _ - _  

0.90509 0 . 9 0 4 4 8  
0.91914 0 . 8 9 7 7 0  
0 .91880 0.88903 
0 .90710 0 .91644 
0 .90062 0 ,91512 
0.90837 0.89743 
0 .90587 0 . 9 0 9 2 0  
0 .91183 0 , 9 0 1 4 9  
0 .89728 0 .90189 
0 .92076 0 ,93184 

0.90892 0 .00112 
0 .90882 0 .00110 
0 . 9 0 8 5 1  0 .00110 
0 .90865 0 .00108 
0 .90896 0 . 0 0 1 0 8  
0:90909 0 . 0 0 1 0 7  
0 .90920 0 .00106 
0 .90938 0 .00110 
0.90955 0 ,00109 
0 .90963 0 .00107 

7 1  
72 ’ 
1 3  
74 
7 5  
76 
77 
78  
79 
ao  

- - - - - - - - -. 
8 1  
82 
83 
84 
85  
86  
87  
88  
89  
90  

9 1  
92 
93 
94 
95 
96  
97  
98  
99  

1 0 0  

- - - . - - - - -. 

4156 
3742 
4153 
3848 
4109 
4043 
3762 
3868 
4008 
3946 

4003 I 
3817 I 
4164 1 
3896 1 

- - - - - - - - 

“4:; j 
3954 
3924 I 
3985 I 
3999 j 

0 . 8 7 9 3 5  
0 . 9 1 1 1 1  
0 . 9 0 2 7 2  
0 .92484 
0 . 9 3 5 0 8  
0 . 9 0 6 5 0  
0 .90403 
0 .91004 
0.91939 
0 . 9 2 2 8 1  

0 . 8 8 0 0 0  
0 . 9 0 1 2 0  
0 . 8 8 8 6 9  
0 . 8 9 7 3 7  
0 . 9 1 1 1 4  
0 . 9 1 4 6 6  
0 . 9 0 1 4 1  
0 .90432 
0 .90163 
0 . 9 1 2 0 1  

. - - - - - - - - - 

0.89480 
0 . 9 0 0 9 1  
0 .89142 
0 .90833 
0.91369 
0 .92529 
0.92650 
0 .93339 
0.91749 
0 . 9 0 5 7 1  

0.92322 
0 .92479 
0 . 9 2 4 4 1  
0.90856 
0 .91582 
0 . 9 1 5 8 1  
0 .93606 
0 .98885 
0 .90799 
0 , 9 1 0 0 8  

0.90825 
0 .91393 
0 .91414 
0 .91578 
0 .93513 
0 .90169 
0 .89901 
0.89815 
0.90537 
0.92290 

- - - - - - - - - 

- - - - - - - - - 

0.90562 0 .00185 
0.90573 0 .00181 
0 .90567 0 .00178 
0 .90603 0 .00178 
0 .90656 0 .00183 
0 .90655 0 ,00179 
0 . 9 0 6 5 1  0 .00176 
0 . 9 0 6 5 7  0 .00173 
0 .90679 0 . 0 0 1 7 2  
0 . 9 0 7 0 6  0 . 0 0 1 7 1  

0 .90661 0.00174 
0 .90652 0 . 0 0 1 7 1  
0 .90624 0 . 0 0 1 7 1  
0 .90610 0 .00169 
0 .90618 0.00166 
0 .90631 0 . 0 0 1 6 4  
0 .90624 0.00162 
0 . 9 0 6 2 1  0 .00160 
0 .90614 0.00157 
0 .90622 0.00155 

- 

0 .91065 0 .00138 
0.91046 0.00137 
0 ,91010 0 .00139 
0 .91007 0.00136 
0.91013 0 .00134 
0 . 9 1 0 4 1  0 .00134 
0.91069 0 .00135 
0 ,91108 0 .00138 
0 .91119 0 . 0 0 1 3 6  
0 .91110 0 .00134 

0 .90589 0 .00187 
0 .90599 0 .00183 
0.?0594 0 .00180 
0 .90625 0 .00179 
0.90679 0 .00184 
0 .90670 0 . 0 0 1 8 1  
0 . 9 0 6 6 1  0 .00178 
0 .90675 0 .00175 
0 .90698 0.00174 
0 . 9 0 7 3 0  0 .00174 

0 .90679 0 .00178 
0 .90667 0 .00176 
0 .90639 0 .00175 
0 .90615 0 ,00174 
0 .90623 0 .00172 
0 .90636 0 .00170 
0 .90628 0 .00167 
0 .90629 0 .00165 
0 . 9 0 6 2 1  0 .00163 
0 .90624 0.00160 

___---_____-_--__-. 

0.88016 
0.91113 
0.90313 
0 .92276 
0 . 9 3 5 6 1  
0 .90205 
0 .90166 
0 . 9 1 4 6 6  
0 .92023 
0 . 9 2 6 3 6  

0 .87632 
0 . 8 9 9 0 8  
0 .88896 
0 .89085 
0 , 9 1 1 2 9  
0.91492 
0 .90091 
0.90694 
0 .90076 
0 .90842 

0 . 9 1 5 2 1  I 
0.90613 I 
0 . 8 9 3 4 1  1 
0.88659 1 
0 . 9 1 5 1 8  1 
0 . 9 2 1 1 7  I 
0 . 9 2 0 8 8  I 

_ _ _ _ _ _ _ _ _ -  

- - _ _ _ - _ - _ _ - -  

0.91130 0 .00133 
0 . 9 1 1 3 5  0.00131 
0 .91156 0 . 0 0 1 3 1  
0 . 9 1 1 5 1  0 .00129 
0 .91158 0.00127 
0.91164 0.00125 
0 . 9 1 2 0 1  0.00129 
0.91167 0 . 0 0 1 3 1  
0 .91161 0.00130 
0 .91159 0 .00128 

0 .90959 0 .00106 
0.90958 0.00105 
0 .90959 0 .00104 
0 . 9 0 9 4 7  0.00102 
0 .90955 0 .00101 
0 .90964 0 .00100 
0 .90973 0 .00101 
0.90946 0 .00102 
0 .90940 0.00100 
0 .90941 0 . 0 0 0 9 9  

46922 
47624 
47786 
48043 
48496 
48865 
47013 
45884 
46344 
47285 

- - - - - - - - - 
48231 
48837 
49103 
48942 
45909 
47280 
48455 
48572 
49502 
48964 

46474 
46879 
47281 
47702 

. 48096 
47819 
48364 
48910 
49390 
50118 

49719 
49940 
51034 
50324 
50977 

- - - - - - - - - 

- - - - - - - - - 

- - - - - - - 
4086 
3892 
3939 
4050 
3955 
4 1 7 1  
4011 
3 8 6 1  
3970 
3913 

- _ - _ _ _ _ _ - _  i i/EaS 
1 0 . 8 8 5 3 2  
1 0 . 9 1 7 0 6  
I 0 .92630 
1 0 .91938 
1 0 .90468 
1 0 .91776 
1 0 . 9 1 4 1 4  

_ _ _ _ - _ _ _ - _ _ _ - _ - _ -  
0 .90637 0 ,00154 
0 .90637 0 .00152 
0 .90622 0 .00150 
0 .90594 0 . 0 0 1 5 1  
0 .90608 0 .00150 
0 .90635 0 .00150 
0 .90652 0 ,00149 
0 .90650 0 .00147 
0 .90664 0 .00146 
0 . 9 0 6 7 3  0 . 0 0 1 4 5  

0 .90944 0 .00097 
0.90946 0.00096 
0 . 9 0 9 4 2  0 . 0 0 0 9 5  
0 .90938 0 . 0 0 0 9 4  
0 . 9 0 9 5 7  0 .00097 
0 . 9 0 9 5 8  0 . 0 0 0 9 5  
0.90955 0.00093 
0 . 9 0 9 4 2  0 . 0 0 0 9 2  
0.90942 0 . 0 0 0 9 1  
0 .90954 0 . 0 0 0 9 1  

0 .91154 0 .00126 .0 .90636 0 .00158 
0 . 9 1 1 5 8  0.00124 0 . 9 0 6 3 6  0 .00156 
0 . 9 1 1 6 1  0 .00123 0 .90618 0 .00155 
0 .91167 0 . 0 0 1 2 1  0 .90592 0 .00155 
0 ,91198 0 .00123 0 .90604 0 ,00154 
0 .91185 0 .00123 0 .90624 0 .00153 
0 .91168 0 .00122 0 .90643 0 .00152 
0 . 9 1 1 5 1  0 .00122 0 .90642 0 .00150 
0 .91143 0.00120 0 .90653 0 ,00149 
0 .91157 0 .00120 0 .90664 0 .00147 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.90932 0 .00093 
0.90928 0 .00092 
0 .90931 0 . 0 0 0 9 1  
0 .90926 0 .00090 
0 .90936 0 .00089 
0 .90953 0.00089 
0 . 9 0 9 5 4  0 .00088 
0 .90948 0.00087 
0 . 9 0 9 5 1  0 .00086 
0.90954 0 .00085 

0.93483 0 ,91350 0 . 9 3 4 5 1  . I  0 .90735 0.00136 0.91124 0 .00108 0 .90737 0.00139 1 0 .90973 0.00084 
0 . 8 9 9 0 1  0 .90813 0 . 9 0 0 7 0  f 0 .90726 0.00135 0 .91121 0.00107 0 . 9 0 7 3 0  0 . 0 0 1 3 8  I 0.90968 0.00084 

111 
112 

114 4147 1 0.89452 0 .89934 0 . 8 9 6 9 1  I 0.90735 0 .00134 0.91087 0.00108 0 .90740 0 .00137 0,90950 0 .00083 
115 3869 1 0 . 9 1 1 1 0  0 .90886 0 .90909 I 0 .90739 0 .00133 0 .91085 0 .00107 0 .90742 0.00136 0.90950 0 .00082 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

113 0 .92793 0 .89154 0 . 9 2 7 5 8  0.90749 0.00135 0 .91100 0.00108 0 . 9 0 7 5 1  0.00138 0 .90962 0.00082 

1 0 1  3948 
102 3889 
103 4015 
104 4060 
1 0 5  4083 
1 0 6  4139 
1 0 7  4023. 
108 3969 
109 3964 
1 1 0  4025 

0 . 8 9 0 0 1  
0 . 9 0 0 4 1  
0 . 9 0 7 4 0  
0 . 9 0 3 6 6  
0 . 9 2 3 2 4  
0 . 9 2 7 5 4  
0.90849 
0.90777 
0.90979 
0 .91753 

0.89335 
0.90862 
0 .91624 
0 .90629 
0.91142 
0.91473 
0.91194 
0.90189 
0 . 9 1 3 4 9  
0 .90568 

0 .88924 
0 . 9 0 2 3 0  
0 . 9 0 5 8 8  
0 . 9 0 3 7 6  
0 . 9 2 3 5 8  
0 . 9 2 9 6 6  
0 . 9 0 6 9 4  
0 ,91099 
0 .91074 
0 . 9 2 1 7 8  

0 .90652 0 .00144 
0 . 9 0 6 4 5  0 .00143 
0 .90646 0 . 0 0 1 4 1  
0 .90643 0 .00139 
0 .90663 0 ,00139 
0.90687 0 .00140 
0 . 9 0 6 8 9  0 . 0 0 1 3 8  
0 .90690 0 .00136 
0 .90693 0 ,00135 
0 .90705 0 .00134 

0 . 9 1 1 3 5  0.00120 
0 . 9 1 1 3 1  0 .00119 
0 .91137 0.00118 
0 . 9 1 1 3 1  0 .00116 
0 . 9 1 1 3 1  0 .00115 
0 .91135 0.00114 
0 .91136 0 .00113 
0 .91125 0.00112 
0 .91128 0 .00111 
0 .91122 0,00109 

0.90642 0.00147 
0 .90637 0 .00145 
0 .90637 0 .00143 
0 .90634 0.00142 
0 .90654 0.00142 
0 . 9 0 6 8 1  0 .00142 
0 . 9 0 6 8 1  0 . 0 0 1 4 1  
0 .90686 0.00139 
0 .90690 0 .00138 
0 .90707 0 .00137 



116 
117 
1 1 8  
1 1 9  
1 2 0  

- - - - - - - 

4103 I 0.89618 0 . 9 3 1 4 3  0 .89763 1 0 .90727 0 .00132 0 .91106 0.00108 
3968 1 0 .89426 0 .91242 0.89958 I 0.90714 0 . 0 0 1 3 1  0.91108 0.00106 
3938 0 .91598 0 . 9 1 0 9 6  0 . 9 1 6 7 1  0.90723 0 . 0 0 1 3 0  0 .91108 0 .00105 
4132 0 .92423 0 .91633 0 ,92200 0 ,90740 0 .00130 0.91113 0.00104 
4077 1 0 .90766 0 . 8 9 4 9 2  0 .91079 0 .90740 0 . 0 0 1 2 9  0 .91097 0.00105 

__---__-________________________________---~------~-------- - - -~~--------- - - - -  

0 .90732 0 ,00134 I 0.90955 0.00082 
0 .90719 0 ,00134 1 0 .90951 0 . 0 0 0 8 1  
0.90728 0.00133 1 0 .90955 0.00080 
0.90743 0 .00132 1 0 .90966 0.00080 
0.90746 0.00131 I 0 .90956 0.00079 

50547 
50725 
51231 
51186 
51206 

_ -_ - - -  

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0.86864 on cycle 36 
absorption 0.88623 on cycle 22 

track length 0.87247 on cycle 3 6  

collision 0.93508 on cycle 75 
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lplot of the estimated col/abs/track-length keff one standard deviation interval versus cycle number ( 1  = final keff = 0 .90956)  
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lindividual and collision/absorption/track-length keffs for different numbers of inactive cycles skipped for fission source settling 
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0.9075 0.0013 
0.9080 0.0013 
0.9080 0.0013 
0.9082 0.0013 
0.9082 0.0014 
0.9080 0.0014 
0.9085 0.0014 
0.9085 0.0014 
0.9086 0.0014 

0.9084 0.0014 
0.9080 0.0014 
0.9083 0.0014 
0.9084 0.0015 
0.9084 0.0015 
0.9080 0.0015 
0.9080 0,0016 
0.9081 0.0016 
0.9081 0.0016 
0.9082 0.0016 

- - - - - - -__- -__- -_  

0.9111 0.0010 
0.9111 0.0011 
o.9iii 0.0011 
0.9109 0.0011 
0.9111 0.0011 
0.9111 0.0011 
0.9112 0.0011 
0.9112 0.0011 
0.9112 0.0012 
0.9112 0.0012 

0.9074 0.0013 
0.9075 0.0014 
0.9079 0.0013 
0.9079 0.0014 
0.9081 0.0014 
0.9081 0.0014 
0.9080 0.0014 
0.9084 0.0014 
0.9083 0.0014 
0.9084 0.0014 

95/95/95 
95/95/95 
95/95/95 
95/95/951 
95/95/95 
951951951 
95/95/95 
95/95/951 
95/95/95( 
95/95/951 

0.90965 0.00080 
0.90968 0.00081 
0.90982 0.00080 
0.90974 0.00082 
0.90992 0.00082 
0.90990 0.00084 
0.90992 0.00086 
0.91004 0.00087 
0.91003 0.00088 
0.91006 0.00090 

0.90807-0.91124 
0.90807-0.91129 
0.90822-0.91142 
0.90811-0.91137 
0.90828-0.91156 
0.90822-0.91157 
0.90821-0.91163 
0.90831-0.91177 
0.90827-0.91179 
0.90827-0.91186 

0.90755-0.91176 
0.90755-0.91181 
0.90769-0.91194 
0.90758-0.91190 
0.90775-0.91210 
0.90768-0.91212 
0.90765-0.91219 
0.90775-0.91233 
0.90770-0.91236 
0.90768-0.91244 

- - - - -_ -_-__- - - -_ -  
0.90808-0.91169 
0.90792-0.91165 
0.90787-0.91168 
0.90789-0.91181 
0.90774-0.91166 
0.90746-0.91145 
0.90751-0.91162 
0.90761-0.91171 
0.90767-0.91190 
0.90753-0.91184 

0.90754-0.91197 
0.90748-0.91207 
0.90758-0.91232 
0.90759-0.91251 
0.90749-0.91239 
0.90809-0.91282 
0.90830-0.91308 
0.90781-0.91264 
0.90744-0.91223 
0.90697-0.91193 

0.9083 0.0015 
0.9079 0.0015 
0.9081 0.0015 
0.9083 0.0015 
0.9084 0.0015 
0.9080 0.0016 
0.9080 0.0016 
0.9082 0.0016 
0.9081 0.0017 
0.9082 0.0017 

195/95/95) 0.90988 0.00091 
95/95/951 0.90978 0.00093 
95/95/95 0.90977 0.00096 
195i95195j 0.90985 0.00098 
95/95/95) 0.90970 0.00098 
95/95/951 0.90946 0.00100 
95/95/95 0.9Q956 0.00103 
/95/95/95[ 0.90966 0.00103 
95/95/951 0.90979 0.00106 
195/95/951 0.90968 0.00107 

I 
I 

0.90749-0.91228 
0.90731-0.91225 
0.90724-0.91231 
0.90725-0.91245 
0.90709-0.91231 
0.90680-0.91211 
0.90684-0.91229 
0.90693-0.91239 
0.90697-0.91260 
0.90682-0.91255 

0.90680-0.91271 
0.90672-0.91283 
0.90679-0.91311 
0.90676-0.91333 
0.90667-0.91320 
0.90730-0.91361 
0.90749-0.91388 
0.90699-0.91346 
0.90663-0.91304 
0.90612-0.91277 

-_ - - - -_ -________ 

311427 
303494 
295528 
287551 
279434 
271415 
263492 
255449 
247481 
239681 

2315561 
223663 I 
215662 I 
207629 
199702 
191804 
183803 I 
175651 
168021 
160067 

. - - - - - - - 

0.9110 0.0012 
0.9111 0.0012 
0.9109 0.0012 
0.9109 0.0013 
0.9106 0.0012 
0.9105 0.0013 
0.9107 0.0013 
0.9107 0.0013 
0.9109 0.0014 
0.9107 0.0014 _-_-_____- - -___ 

0.9085 0.0017 
0.9087 0.0017 
0.9089 0.0018 
0.9090 0.0018 
0.9087 0.0018 
0.9092 0.0018 
0.9090 0,0019 
0.9085 0,0018 
0.9085 0.0019 
0.9079 0.0020 

________________________________________- -  
0.9084 0.0017 195/95/95) 0.90976 0,00111 
0.9086 0.0018 95/95/95 0.90978 0,00114 
0.9087 0.0018 195/95/951 0.90995 0.00118 

0.9085 0.0020 195/95/95 0.90983 0.00118 
0.9077 0.0020 195/95/95/ 0:90945 0.00122 

0.9107 0.0014 
0.9106 0.0015 
0.9108 0.0015 
0.9109 0.0016 
0.9110 0.0016 
0.9115 0.0016 
0.9120 0.0016 
0.9117 0.0017 
0.9108 0.0016 
0.9108 0.0017 

82 38 
84 36 
86 34 
88 32 
90 30 
92 28 
94 26 
96 24 
98 22 
100 20 

0.9088 0.0019 
0.9098 0.0019 
0.9096 0.0020 
0.9100 0.0021 
0.9103 0.0022 
0.9103 0.0024 
0.9119 0.0022 
0.9113 0.0024 
0.9112 0.0026 
0.9108 0.0028 

0.90961 0,00126 
0.90998 0.00128 
0.90971 0.00139 
0.90970 0.00133 
0.90996 0.00142 
0.90993 0,00153 
0.91048 0.00165 
0.90967 0.00171 
0.91006 0.00179 
0.90975 0.00192 

0.90705-0.91217 
0.90738-0.91258 
0.90698-0.91244 
0.90697-0.91242 
0.90705-0.91287 
0.90678-0.91308 
0.90708-0.91389 
0.90611-0.91324 
0.90632-0.91380 
0.90571-0.91380 

0.90618-0.91304 
0.90649-0.91347 
0.90603-0.91338 
0.90603-0.91336 
0.90604-0.91388 
0.90566-0.91419 
0.90586-0.91511 
0.90483-0.91452 
0.90495-0.91517 
0.90419-0.91531 

1522471 0.9088 0.0019 0.9103 0.0017 
1441871 0.9097 0.0019 0.9100 0.0018 
1359961 0.9095 0.0020 0.9097 0.0019 
128118( 0.9099 0.0021 0.9095 0.0017 
1201341 0.9101 0.0023 0.9095 0.0018 
1121561 0.9100 0.0024 0.9094 0.0019 
1041671 0.9116 0.0023 0.909.0 0.0021 
960411 0.9107 0.0024 0.9082 0.0019 

95/95/951 
95/95/95 
95/95/95 
95/95/95 
95/95/95 
95/95/951 
95/95/95( 
95/95/95 
95/95/95 
95/95/95 



i 

0.9119 0.0037 9 5 / 9 5 / 9 5  
0 .9110 0 .0044 195/95 /95  
0 .9094 0 .0043 9 5 / 9 5 / 9 5  
0 .9085 0.0043 9 5 / 9 5 / 9 5  
0 . 9 1 1 0  0 .0059 9 5 / 9 5 / 9 5  

102 18  
104 1 6  
106 14  
108 12  
110 10  
112 8 
114 6 
116 4 
117 3 
118 2 

_ _ _ _ - _ - - _ _ - - _ _ -  

0.91140 0 , 0 0 2 3 6  
0.91108 0 .00245 
0.90985 0 .00236 
0.91067 0.00302 
0.91085 0 . 0 0 2 3 1  

7 2 4 4 9 )  0 .9117 0 .0029 
643741 0 . 9 1 2 5  0 ,0032 
561521 0 .9107 0 . 0 0 3 3  
481601 0 . 9 1 1 1  0 , 0 0 3 9  
401711 0 .9106 0 , 0 0 4 7  
32019 0.9090 0 . 0 0 4 7  
24087 1 0 . 9 0 8 2  0 .0047 
16115 0 .9105 0 .0064 
121471 0 .9160 0 . 0 0 4 8  

82091 0 . 9 1 5 9  0 ,0083 

0 . 9 0 9 4  0 .0021 
0 . 9 0 9 2  0.0023 
0 .9086 0.0026 
0 . 9 0 8 9  0.0030 
0 . 9 0 8 7  0.0036 
0 .9082 0 . 0 0 4 6  
0 . 9 1 2 5  0.0048 
0 .9087 0.0047 
0 .9074 0,0064 
0 . 9 0 5 6  0 .0107 

0 .90751-0 .91495 
0.90736-0.91612 
0 .90658-0 .91528 
0 .90607-0 .91673 
0 .90528-0 .91688 
0 .90378-0 .91592 
0 .90106-0 .92027 
0 .88153-0 .94017 

0 .90609-0 .91638 
0 .90563-0 .91785 
0 .90480-0 .91707 
0 .90375-0 .91905 
0 .90250-0 .91966 
0 . 9 0 0 3 3 - 0 . 9 1 9 3 7  
0 .89304-0 .92829 
0 . 7 6 4 0 1 - 1 . 0 5 7 6 9  

the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with 2 inactive cycles and 1 1 8  active cycles. 

the first active half of the problem skips 20 cycles and uses 50 active cycles; the secdnd half skips 7 0  and uses 50 cycles. 
the. col/abs/trk-len keff, one standard deviation, and 68, 95, and 99 percent intervals €or each active half of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half 0 , 9 0 9 2 3  0 .00106 0 .90817 to 0.91029 0 , 9 0 7 1 0  to 0,91136 0 ,90639 to 0.91207 
second half 0.90994 0 .00122 0 . 9 0 8 7 1  to 0.91116 0 .90749 to 0.91239 0 .90667 to 0 , 9 1 3 2 0  
final result 0 . 9 0 9 5 6  0 . 0 0 0 7 9  0.90877 to 0.91036 0 .90798 to 0.91114 0 ,90747 to 0.91166 

the first and second half values of k(collision/absorption/track length) appear to be the same at the 68 percent confidence level. 
lplot of the estimated col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0.909561 

inactive active 0 . 9 0 7  0 . 9 0 8  0 .909 0 . 9 1 0  0 . 9 1 1  0.912 0 .913 0 
cycles cycles 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

1 0  
11 
1 2  
1 3  
1 4  
1 5  - 
1 6  
1 7  
1 8  
1 9  
2 0  
2 1  
22  
23  
24 
25 
2 6  
27 
28  
29  
30  
3 1  

1 2 0  
119 
1 1 8  
117 
1 1 6  
1 1 5  
114 
113 
112 
111 
110 
109 
1 0 8  
1 0 7  
1 0 6  
1 0 5  
104 
103 
102 
1 0 1  
1 0 0  

99  
9 8 .  
97  
96  
9 5  
94 
93 
9 2  
9 1  
90  
89 

I 

I I 
! 
I 
I 

I 
I 

I 
1 

114 

I I 
1 
+ 

I 
I 
I '  

I 
1 

I 
0 2 :  n .. 

(0 
M 
I 
0 
0 
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32 
33 
34  
35  
3 6  
37 
38  
39 
40 
4 1  
42 
43 
4 4  
45  
4 6  

' 47 
48 

' 49 
50 
5 1  
52 
53 

+ 

54 
55 
5 6  
57 
58  
59 
60 
6 1  
6 2  
63 
64  
65 
66  
67 
68 
69 
7 0  
7 1  
7 2  
73  
7 4  
7 5  
7 6  
7 7  

79  
80  
8 1  
8 2  
83 
8 4  
8 5  
86 
R7 
8 8  
89  
90 
9 1  
9 2  
9 3  

7 8  

88 I 
87 I 

85 I 
8 4  I 
83 I 
82 I 

79 I 
78 I 
77 I 

74 I 
73 I 
72 I 

86 I ' 

8 1  + 
80 I . 

75 7 6  I 
7 1  
70 
69 
68 
67 
66 
65 
64 
63 
62 
6 1  
60 
59 
58 
57 
56 
55 
54 
53 
52 
5 1  + 
50 
49 
48 
47 
46 
4 5  
44  

1 43 
42 
4 1  + 
40 I 
3 9  I 
3 8  I 
37 I 
35 I 
3 6 .  1 

i; j 
31 + 
30 
2 9  
28 
27 

+ 

+ 

+ 

I 
0 2  

c) 
0) 
n 

I 
0 
0 
w 



c -* ,r . r- 
( '  

94 26 
95 25 
96 24 
97 23 
98 22 
99 21 
100 20 
101 19 
102 18 
103 17 
104 16 
105 15 
106 14 
107 13 
108 .' 12 

' 109 11 
110 10 

I 
I 
I 
I 
I 
I 

I 
I 
I 
+ 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

671472018 dump no. 4 on file 3c900r nps = 478704 coll = 37013641 c t m  = 30.86 nrn = 

3 warning messages so f a r .  

run terminated when 120 kcode cycles were done. 

computer time = 30.88 minutes 

mcnp version 4a 10/01/93 02/08/01 21:41:00 probid = 02/08/01 21:10:07 

. .  

c z  
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Job NO: 30822-244-330 16860 Calculation No: BUF-2001-012/Rev. 0 Date: Februarv 25,2001 

Problem Statement & Calculation Objectives: 

To determine the Pu-239 mass sub-critical limit for 00 x 00 x 12 ft arrays of 2.0-cubic-foot boxes with Pu- 
239-cellulose spheres and pure cellulose or void outside the sphere. Every box has 1 sphere containing the 
same .amount of Pu-239. 
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Analysis 

Assumptions 

Pu-239 inside the sphere is uniformly mixed with 0.72 g/cm3 cellulose 
The pure cellulose (0.72 &my) fills the entire space inside the container and outside the Plutonium 
sphere. 
The containers stand on the 3 m thick concrete floor 
The box inside dimensions are 2.0 x 2.0 x 2.0 foot 
The box wall thickness is zero 
Every box in the array contains the same mass of Pu-239 
The boxes are arranged in the infinite square array, 12 feet heigh (m xm x 12 ft) 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Attachments 1 has the drawings of the 
models used. Examples of MCNP input and output files for b0t.h cases can also be found in the Attachments. 
The plutonium spheres were located in the box’s corner. as shown in Attachments 1. 

Air, Carbon Steel, Concrete and Cellulose Composition 

Table I shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 

Table I .  Air composition 

Argon (Ar) I 0.012827 
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Table 2. Concrete composition 

Element 
I 

Hydrogen (H) 0.010 

I 0.532 

Sodium (Na) 1 0.029 II 
Aluminum (Al) I 0.034 

The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 3) and the cellulose chemical formula - C,H,,O,. 

Table 3. The atomic weights of the elements 

Element I Atomic Weight 11 

Carbon (C) I 12.0107 

The molecular weight of cellulose (C,H,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ith element was found as a ratio of the ith element weight in the molecule 
to the molecular weight of this molecule. 

LJ where 
( ~ v , ) ~ ' , ,  = the weight fraction of i'h element in a molecule of cellulose 
n, = the number of the ith elements in a cellulose molecule 
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A ,  = the atomic weight of the i'h element, g/mol 
Mcc, = the molecular weight a cellulose molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 4. 

Radii of the Plutonium containing spheres. 

The spheres with several different radii were studied. The minimum size of the Plutonium containing s p h e w  ' 
corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container, i.e. half of the box height. The minimum radius equation (3) was derived from the volume of a 
sphere equation (2) 

where: 
R,,,, = the minimum possible radius of the sphere containing Pu-239, cm 
R,, = the radius of the metal Plutonium sphere, cm 
V,..,, = the volume of the sphere with Pu-239, cm' 
m,,,, = the mass of the Plutonium sphere, g 
p/ ,! ,  = the density of the metal Plutonium, 19.78 g/cm' 

Composition of the Plutonium containing spheres 
L 

The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of the mixture was determined using 
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where 
1 i4~~ ,~~ ,  = the total mass of the mixture, g 

m,,, = the mass of Pu-239 in a sphere, g 

mcc, = the mass of a cellulose in a sphere, g 

VlbIu, = the total volume of a sphere, cm3 
V,,, = the volume of a cellulose in the sphere, cm3 
peer = the density of a cellulose, 0.72 g/cm’ 
V,, = the volume of Pu-239 in the sphere, cm3 
p,,,, = the density of the metal Plutonium, 19.78 g / c d  
R = the radius of a Plutonium containing sphere, cm 

/ 

V 

In the Plutonium-cellulose mixture, the weight fraction of Pu-239 was calculated using equation 5, and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6) and the weight fraction of an element 
in a pure cellulose (equation 1 ). 
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I 

Ail variables in equations 5-7 are as described above. Table 6 shows the composition of the Plutonium 
containing spheres. 

The cases for spheres with lOOg, 150g, and 200g of Pu-239 were studied and based on the calculated neutron 
multiplication factors, the Pu-239 sub-criticai mass limit was determined. Tables 5-7 show the composition 
of the spheres used in the models. 

Table 5. The composition of the spheres with lOOg of Pu-239. 

Table 6. The composition of the spheres with 1509 of Pu-239. 
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Res u I ts 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. Tables 8-10 provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations ((T), and Figures 1-3 plot the k,, +2 (T values for all studied cases (lOOg, 150g and 200g). 

Table 8. The neutron multiplication factor (keff) values and their standard deviations (CY) for the boxes with 
100 g of Pu-239. 

'LJ' 
Table 9. The neutron multiplication factor (kJ values and their standard deviations (G) for the boxes with 
150 g of Pu-239. 

Table 10. The neutron multiplication factor (keJ values and their standard deviations (G) for the boxes with 
200 g of Pu-239. 
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Figure 1. k,, +20 for the boxes with 100 g of Pu-239 . 

Figure 2. k,, +20 for the boxes with 150 g of Pu-239 . 
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Figure 3. k,, +20 for the boxes with 200 g of Pu-239. 
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The criterion for the Pu-239 mass limit is: 
kef f 20 S k,, - A k h  - Gh 

Where: 
k,, = neutron multiplication factor predicted by MCNP 
G = standard deviation of predicted ktff 
k, = 0.95 = established allowable limiting neutron multiplication factor 
d k,, = calculation method bias 
o h  = bias uncertainty 

The calculation method bias together with bias uncertainty ( A  k h  + g,,) is no more than 0.02. Thus the criterion 
(8) can be modified as: 

Where: 
keff = neutron multiplication factor predicted by MCNP 
o = standard deviation of piedicted kett 

To determine the Pu-239 mass limit, the maximum values of kef, +20 as a function of Pu-239 mass (Table 
1 1 )  were approximated with a polynoniial equation. which is shown on Figure 4. 

k ,  + 20 I 0.93 (9) 
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Table 11. The maximum values of k,, +20 as a function of Pu-239 mass. 

I I 

I 200 1 0.9654 I 0.0009 I 0.967 1 

Figure 4. The maximum values of keff +20 as a function of Pu-239 mass. 
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y = 3.920F06x2 + 1.022E-03x + 6.059E-01 
FF = 1 .OOOE+OO 

Solving the polynomial equation from Figure 4 determines the Pu-239 mass limit as 183g per box. To check 
this result, another set of MCNP runs was performed. Table 12 shows the composition of the Plutonium 
containing spheres, and Table 13 and Figure 5 show the calculation results for the arrays of boxes with 183g 
of Pu-239. 

Table 12. The composition of the spheres with 183g of Pu-239 
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Table 13. The neutron multiplication factor (keff) values and their standard deviations (G) for the boxes with 
183 g of Pu-239. 

Figure 5 .  keff +2cr for the boxes with 183g of Pu-239. 
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The k,, +20 values in Table 13 confirm that 183g of Pu-239 is a sub-critical mass limit for 00 x 8 x 12 ft 
arrays of 2.0-cubic-foot boxes with Pu-239-cellulose spheres and pure cellulose or void outside the sphere. 
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4~100 
k eff, 183g of Pu-239 in cellulose spheres in 2.0 cubic foot of pure celulose 
C 
C Cell cards 
C c ________________________________________---_-_-------------------------- 
1 0 1 -2 3 -4 5 -6 fill=2 imp:n=l $ box with lattice 
2 2 -2.3 1 -2 3 -4 -5 7 imp:n=l $ Concrete floor 
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 

c Universe 1 
4 3 -0.725262 -8 u=l imp:n=l $ 1 Pu-239 and cellulose sphere 
5 3 -0.725262 -9 u=l imp:n=l $ 2 Pu-239 and cellulose sphere 
6 0  8 9  u = l  imp:n=l $ 
C 
c Lattice (2 spheres with Pu-239 in 2 cubes of cellulose matrix) 
7 0 10 -11 12 -13 14 -15 lat=l fill=l u=2 imp:n=l $ Lattice c ________________________________________--------~----------------------- 
C 
c Note: next line must be completely blank 

c Surface cards c ________________________________________-------------------------------- 
*I DX 0 . 0 0 1  

C 

*2 bx 60.961 $ box length (2.0 foot) 
*3 py 0.001 
*4 py 60.961 $ box width (2.0 foot) 
5 pz 0.001 
6 pz 365.761 S box height (12 feet) 
C More thnan 350.52cm (11.5 feet) - 4 tiers of B-25 box height 
C (4~34.5" or 4~87.63 cm) 
7 pz -300 $ concrete floor boundary 
8 's  20.0 20.0 40.96 20.0 $ 1st Pu-239 containing sphere 
9 s 20.0 20.0 80.96 20.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
1l.px 60.96 $ 2.0 feet 

C 

12 DV 0 
13 i; 60.96 

15 pz 121.92 $ 2 x 2.0 feet 

$ 2.0 feet 
'd 14 pz 0 

c ____________________________________^___--_-- - - -_- - - - - - - - - - - - - - - - - - - - - - -  

C 
c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
C 
C 
c Celulose matrix (Elements: C ,  X, 0 )  
ml 6000.50~ -0.444 

1001.50~ -0.062 
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H, 0, Na. Si, A I ,  Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0,337 
20000.50~ -0.044 
26000.55~ -0.014 

c Pu-239 and cellulose 
m3 94239.55~ -0.007530 

6000.50~ -0.441108 
1001.50~ -0.061696 
8016.50C -0.483665 

C 
mode n 
print 40 60 80 100 110 126- 
kcode 4000 1. 20 120 
ksrc 20.0 20.0 40.96 

20.0 20.0 80.96 

Page 1 
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lmcrip version 4a ld=10/01/93 02/11/01 03:16:03 
* * t * t * * * r t * * * * * * * t * * * * ~ * * * * * * . ~ ~ * * , ~ * * * . * * * ~ . * * * * * * * ~ ~ " * + * * * * * * * * ~ * " * * * * *  

name=4c100 
probid = 02/11/01 03:16:03 

1- 

3-  
4 -  
5- 
6 -  
7- 
8 -  
9- 
10- 
11- 
12- 
13- 
14- 
15- 
1 6 -  
17- 
18- 
19- 
20- 
21- 
22- 
23- 
24- 
25- 
26- 
27 - 
18- 
29- 
30- 
31- 
32- 
33- 
34- 
35-  
36- 
37- 

39- 
40- 
41- 
42- 
43- 
44- 
45- 
46- 
47- 
48- 
49- 
5 0 -  
5 1 -  
52- 

warning 

9- 

38- 

k eff. 1A3g of Pu-239 in cellulose spheres in 2.0 cubic foot of pure CelUloSe 
C 
c Cell cards 
C c ________________________________________----------_--------------------- 
1 0 1 -2 3 -4 5 -6 fill=2 imp:n=l $ box with lattice 
2 2 -2.3 1 -2 3 - 4  -5 7 imp:n=l $ Concrete floor 
3. .0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O $ Outside world 

c Universe 1 
4 3 -0,725262 -8 
5 3 -0.725262 -9 

u = l  imp:n=l $ 1 Pu-239 and cellulose sphere . ' 

u=1 imp:n=l $ 2 Pu-239 and cellulose sphere .~ ~ 

6 0  8 9  u = l  imp:n=l $ 
C 
c Lattice (I! spheres with Pu-239 in 2 cubes of cellulose matrix) 
7 0 10 --11 11 -13 14 -15 lat=l fill=l u.2 imp:n=l $ Lattice 
c ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: next line must be completely blank 

c Surface cards c ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
*1 px 0.001 
'2 px 60.961 $ box length 12.0 foot) 
'3 py 0.001 
"4 py 60.961 $ box width (2.0 foot) 
5 pz 0 . 0 0 1  
6 pz 365.761 $ box height 112 feet) 
C More than 350.52~111 111.5 feet) - 4 tiers of B-25 box height 
C (4~34.5" or 4~87.63 cm) 
7 pz -300 $ concrete floor boundary 
8 s 20.0 20.0 40.96 20.0 $ 1st Pu-239 containing sphere 
9 s 20.0 20.0 80.96 20.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 60.96 S 2.0 feet 
12 PY 0 
13 py 60.96 $ 2.0 feet 
14 >z 0 
15 pz 121.92 $ 2 x 2.0 feet 
c -_______-_____-_________________________-------------------------------- 

c Note: next line must be completely blank 

c Data cards 

c Materials 

C 

C 

C 

C 

C 
C 
c Celulose matrix (Elements: c, H.  0) 
rnl  6000.50~ -0.444 

material 1 is not used in the problem. 
1001.50~ -0.062 

I 

0 
0 
w 



54- 8016.50C -0.493 
5 5 -  c Concrete (KENO Regular Concrete Standard Mix) from Harmon at al. 
56- c Criticalitv Calculation with MCNP. A Primer. D. C-4 .. 
57- c (Elements: H, 0, Na, Si, A l ,  Ca, Fe) 
513- m2 1001.50~ -0.010 
59' 8016.50C -0.532 
60- 11023.50C -0.029 
61- 13027.50C -0.034 
62 - 14000.50C -0.337 
63- 20000.50C -0.049 
64- 26000.55C -0.014 
6 5 -  c Pu-239 and cellulose 
6 6 -  m3' 94239.55~ -0.007530 

68- , 1001.50~ -0,061696 
69- 8016.50~ -0.489665 
70- C 
71- mode n 
72- print 40 60 8 0  100 110 126 
73- kcode 4000 1. 20 120 
'74- ksrc 20.0 20.0 40.96 
75- 20.0 20.0 80.96 
76- 

67- ' 6000.50C -0.941108 

total fission nubar data are being used. 
lmaterial composition 

materia 1 
number component nuclide, atom fraction 

2 1001, 0.16803 8016, 0.56324 11023, 0.02136 13027, 0.02134 

3 94239, 0.00024 6000, 0.28560 1001, 0.17607 8016, 0.23808 
14000, 0.20319 20000, 0.01859 26000, 0,00425 

material 
number component nuclide, mass fraction 

2 1001, 0.01000 8016, 0.53200 11023, 0,02900 13027, 0.03400 

3 94239, 0.00753 6000, 0.44111 1001, 0,06170 8016, 0.48967 
14000, 0.33700 20000, 0.04400 26000, 0,01400 

lcells 

cell mat 

1 1 0  
2 2 2  
3 3 0  
4 4 3  
5 5 3  
6 6 0  
7 7 0  

atom gram neutron 
density density volume mass pieces importance 

0.00000E+00 0.00000E+00 1.35921E+06 0.00000E+00 0 1.0000Ee00 

0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0 0.0000E+OO 
8.17913E-02 2.30000E+00 1.11484Ec06 2.564133+06 0 1.0000E+00 

5.61614E-02 7.25262E-01 3.351038+04 2.43038E+04 1 1.0000E+00 
5.616148-02 7.252623-01 3.35103E+04 2.430383+04 , 1 1.0000E+00 
0.00000E+00 0.00000E+00 0.00000E+00 0.00000E+00 0 l.OOOOE+OO 
0.00000E+00 0.00000E+00 4.53070E+05 0.00000E+00 0 1.0000E+00 

print table 40 

print table 60 

total 2.99414E+06 2.61274E+06 
0 ;  

1 P '  
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1 warning message so far. 
lcross-section tables 

table length 

1001.50c 
6000.50~ 
8 0 1 6 . 5 0 ~  
11023.50c 
13027.50~ 
14000.50~ 
20000.50~ 
26000.55~ 
94239.5% 

tables from file critxs 

1153 njoy 
16126 njoy 
23669 njoy 
36270 njoy 
22891 njoy 
i8275 njoy 
26104 njoy 
84136 njoy 
67551 njoy total nu 

print table 100 

( 1301) 79/07/31. 
( 1306) 79/07/31. 

I 1276) 05/14/81 
( 1311) 79/06/21. 
( 13131 79/09/08. 
I 1314) 79/06/21. - 1320) 79/06/22. 
( 260) 10/21/82 

( 1399) 02/21/85 

t o t a l  326175 

warning. neutron energy cutoff is below some cross-section tables 

decimal words of dynamically allocated storage 

general 110992 
tallies 0 
bank 12403 
cross sections 326175 

COtdl 449570 

. t . * " . . * * * t . * * . * ~ * . . ~ * * ~ * * * * * ~ , * * * ~ * ~ * * * * * * * * + * , * * . ~ ~ ~ * , " ~ * ~ ~ ~ ~ * * * * . , ~ * * * . * * ~ , * , * * , ~ ~ " * * * * ~ ~ * , , * , * . ~ ~ " * , * ~ " ~ * * ~ ' + . * ~ * * ,  

dunig nc. 1 on file 4c100r nps = 0 COll = 0 ctm = 0.00 n m  = 0 

source distribution written to file 4clOOs cycle = 0 

2 warning messages so f a r .  
1 starting mcrun. field length = 0 cpo = 0.01 

k eff, 183'g of Pu-239 i n  cellulose spheres in 2.0 cubic foot of pure celulose 

print table 110 

nps :< Y 2 cell lattice(i,j.k) surface u V W energy weight time 

1 2.000E+01 
2.000E+01 
2.OOOE+Ol 

2 2.000Et01 
2.000E+01 
2.000E+01 

3 2.000E+01 
2.000E+01 

4 2.000E+01 
2.000Et01 

2.000Et01 
2.000E+01 
2.OOOECOl 
2. OOOEcOl 
2.000E+01 
2.000Ei01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000Ei01 

4.096E+01 
4.096E+01 
4.096E+01 
4.096Et01 
4.096E+01 
4.096E+01 
4.096Ei01 
4.096€+01 
4.096E+01 
4.096Ei01 

1 5.085E-01 4.733E-01 7.193E-01 2.209E+OO 1.000€+00 0.000E+00 
7( 0 ,  0, 0) 5.0853-01 4.733E-01 7.193E-01 
4 0 5.085E-01 4.733E-01 7.1938-01 
1 8.952E-01 -4.447E-01 -2.944E-02 4.9048+00 l.OOOE+OO 0.000€+00 
7( 0 ,  0. o t  ' 8.952E-01 -4.447E-01 -2.944E-02 
4 0 8.952E-01 -4.4473-01 -2.944E-02 
1 -6.1843-01 -4.495E-01 6.4463-01 3.809E-01 1.0003+00 0.000E+00 
7( 0, 0, 0) -6.1843-01 -4.4953-01 6.446E-01 
4 0 -6.184E-01 -4.495E-01 6.4463-01 
1 9.710E-01 -5.665E-02 -2.3236-01 1.3313+00 1.000Et00 0.000Ei00 0 

0 
)--1 



5 

6 

7 

R 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2,00OE+01 
2.000E+01 
2,00OE+01,. 
2.00,0E+01 
2.000E+OI 
2,0QOE+01 
2.000E+01 
2. OOOE+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
?.000E+01 
2. OOOEtOl 
2.000E+01 
2.000E+01 

2.000E+01 
2.000E+01 
2.000E+01 
2. OOOEcOl 
2,00OE+01 
2.000E+01 
2.000E+01 
2.000Ec01 
2.000E+01 
2.000E+01 
2,00OE+01 
2.000E+01 
2.000E+01 
2,00OE+01 
2.000Et01 
2.000E+01 
2,00OE+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2. OOOEtOl 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 

2.000E+01 

2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2. OOOEcOl 
2.000E+01 
2.000E+01 
2.000E+01 
2,00OE+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.OOOE+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 

2.000E+01 
2.000Et01 
2.0OOE+01 

2.000E+01 
‘2.000E+01 
2.000E+01 
2.000E+01 
2.0OOE+01 
2.000E+01 
2.000E+01 
2.000E+01 
2. OOOEiOl 
2.000E+01 
2.OOOE+01 
2.000E+01 
2. OOOE+Ol 
2. OOOEcOl 
2.000E+01 
2.000E+01 

2.000E+01 

2.000E+01 

4.096E+01 
4.096Ec01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096&+01 
4.096E+01 
4.096E+01 
4.096Et01 
4.096E+01 
4.096E+01 
4.096E101 
4.096E+01 
4.096E101 
4.096E+Ol 
4.096E+01 
4.096E+01 
4.096E+01 
4.09 6E+01 
4.096E+01 
4.096E3+01 
4.096EcOl 
4.09 6Ec01 
4.096E+01 
4.096E+Ol 
4.096E+01 
4.096E+01 
4.096E+01 
4.09 6E+01 
4.096E+01 
4.09 6E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096Et.01 
4.096Et01 
4.096E+01 
4.096E+01 
4.09 6E+01 
4.096E+01 
4.096E+01 
4.09 6E+01 
4.09 6E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.0968+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 
4.096E+01 

71 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 

01 

0 )  

0 )  

01 

0 )  

01 

01 

0 )  

0 )  

0 )  

0 )  

01 

0 )  

0 )  

01 

0)  

01 

0 )  

01 

01 

9.710E-01 -5.665E-02 -2.323E-01 
0 9.710E-01 -5.6653-02 -2.323E-01 

5.861E-01 1.4963-01 -7.963E-01 
5.861E-01 1.4963-01 -7.963E-01 

0 5.861E-01 1.496E-01 -7.963E-01 
-6.489E-02 -1.626E-01 9.8453-01 
-6.4893-02 -1.626E-01 9.845E-01 

0 -6.489E-02 -1.626E-01 9.845E-01 
-7.0683-02 3.263E-02 -9.970E-01 
-7.0683-02 3.2633-02 -9.970E-01 

0 -7.068E-02 3.263E-02 -9.970E-01 
-3.915E-01 4.664E-01 -7.9323-01 
-3.915E-01 4.664E-01 -7.932E-01 

0 -3.9153-01 4.664E-01 -7.932E-01 
-2.3688-01 9.2158-01 -3.079E3-01 
-2.368E-01 9.215E-01 -3.0793-01 

0 -2.368E-01 9.215E-01 -3.079E-01 
1.946E-01 -3.204E-01 9.271E-01 
1.9463-01 -3.2048-01 9.2713-01 

0 1.946E-01 -3.204E-01 9.271E-01 
-6,6983-01 -7.177E-01 -1.905E-01 
-6.698E-01 -7.1773-01 -1.905E-01 

0 -6.6988-01 -7.1773-01 -1.905E-01 
-8.3983-01 -4.129E-01 3.524E-01 
-8.398E-01 -4.1293-01 3.524E-01 

0 -8.3988-01 -4.129E-01 3.524E-01 
-1.714E-01 -8.5723-01 4.8573-01 
-1.714E-01 -8.572E-01 4.8578-01 

0 -1.714E-01 -8.572E-01 4.8573-01 
-2.4893-01 -5.118E-01 -8.2228-01 
-2.489E-01 -5.118E-01 -8.222E-01 

0 -2.4893-01 -5.118E-01 -8.2221-01 
-2.9593-01 2.119E-01 9.3143-01 
-2.959E-01 2.119E-01 9.314E-01 

0 -2.959E-01 2.119E-01 9.314E-01 
1.395E-01 -9.829E-01 1.202E-01 
1.395E-01 -9.829E-01 1.202E-01 

0 1.3953-01 -9.829E-01 1.202E-01 
6.9098-01 -7.110E-01 1.307E-01 
6.909E-01 -7.110E-01 1.307E-01 

0 6.909E-01 -7.110E-01 1.307E-01 
-6.5808-01 5.320E-01 -5.3298-01 
-6.58OE-01 5.320E-01 -5.3291-01 

0 -6.580E-01 5.320E-01 -5.329E-01 
-9.9038-01 -1.380E-01 1.353E-02 
-9.903E-01 -1.380E-01 1.3533-02 

0 -9.903E-01 -1.380E-01 1.353E-02 
7.462E-01 4.8598-01 -4.551E-01 
7.462E-01 4.859E-01 -4.5518-01 

0 7.462E-01 4.8596-01 -4.551E-01 
-1.977E-01 9.797E-01 3.3603-02 
-1.977E-01 9.7978-01 3.360E-02 

0 -1.977E-01 9.7973-01 3.360E-02 
-9.117E-01 -3.647E-01 -1.891E-01 
-9.117E-01 -3.647E-01 -1.891E-01 

0 -9.117E-01 -3.647E-01 -1.89l.E-01 
-4.2873-01 8.361E-01 -3.423E-01 
-4.287E-01 8.3613-01 -3.423E-01 

1.902E+00 

4.410E-01 

4.750E-01 

4.136E+00 

7.4538-02 

3.128E+00 

1.014E+00 

1.3958+00 

7.748E-01 

1.101E+00 

1.951E+00 

2.186E+00 

1. 865E+00 

1.229E+00 

1.305E+00 

1. OOOEtOO 

3.990E+00 

2.665E-01 

1.156E+00 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

1.000E+00 

l.O00E+00 

1. OOOEtOO 

1 .OOOE+OO 

1.000E+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

1.000E+00 

O.OOOE+OO 

0.000E+00 

0 ~ 000E+00 

OIOOOE+OO 

0.000E+00 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 



c i '* 4 I '. 
i. 

24 

2 5  

2 6  

27 

2R 

29 

30 

31 

32 

3 3  

3 4  

35 

36 

37 

3R 

39 

40 

41 

42 

2.000E+01 
2.000E+01 
2,00OE+01 
2.000E+01 
2,0OOE+01 
2,00OE+01 
2.000E+01 
2. OOOEcOl 
2.000Et01 
2,00OE+01 

2.000E+01-, 
2,00,0E+01 
2.000E+01 
2.000E+ol 
2.000E+01 
2,00OE+01 
2.000E+01 
2 .  OOOEtOl 
2.000E+01 
2.000E+01 

2.000E+01 

2. OOOEcOl 

2.000E+01 

2.0OOE101 
2.000E+01 
2.0OOE+01 
2. OOOE+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+O1 
2.000E+01 
2. OOOEtOl 
2.000E+Ol 
2. OOOEcOl 

2,00OE+01 
2. OOOEtOl 

2. OOOEcOl 
2.000E+01 
2.000Et.01 
2.000E+01 
2.000E+01 
2.000E+01 

2,00OE+01 
?.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 

2.000E+01 

2.000E+01 
2.000E+01 
2 .@00E+Ol 
2.000E+01 
2.000E+01 
2.000E+01 

2.000E+01 
2.000E+01 
2.000E+01 
2. OOOE+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
2.00OE+O1 
2.000E+01 
2.000E+01 
2. OOOE+Ol 
2.000E+01 
2.000E+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 

2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.00@E+01 
2.000E+01 
2.000E+01 

2.000E+OI 

2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
'2.000E+01 
2. OOOE+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E401 
2.000E+01 
2. OOOE+Ol 
2.000E+01 
2.000E+01 
2.000E+01 
2.000E+01 
2.00OE+01 

4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7 (  
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 

0, 

0, 

0, 

0. 

0. 

0. 

0, 

0, 

0. 

0. 

0, 

0. 

0. 

0. 

0, 

0, 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0. 

0. 

0, 

0. 

0. 

0. 

0, 

0) 

0) 

01 

01 

0) 

0) 

01 

01 

0) 

01 

'0) 

01 

01 

0) 

0) 

0) 

0) 

01 

01 

0 -4.287E-01 8.361E-01 -3.423E-01 
1.080E-01 3.4123-01 -9.338E-01 
1.080E-01 3.4123-01 -9.338E-01 

0 1,080E-01 3.412E-01 -9.33RE-01 
-9,111E-01 -9.012E-03 -4.122E-01 
-9.1113-01 -9.012E-03 -4.1228-01 

0 -9,111'3-01 -9.0123-03 -4.1223-01 
-2.5683-01 -6.391E-01 -7.2496-01 
-2.568E-01 -6.3913-01 -7.249E-01 

0 -2.568E-01 -6.3913-01 -7.2493-01 
-2.912E-01 8.086E-01 5.113E-01 
-2.912E-01 8.086E-01 5.113E-01 

0 -2.912E-01 8.0861-01 5.113E-01 
1.472E-01 -9.514E-01 2.705E.rOl 
1.472E-01 -9.5143-01 2.705E-01 

0 1.4728-01 -9.514E-01 2.705E-01 
-6.135E-01 -7.645E-01 -1.978E-01 
-6.1353-01 -7.645E-01 -1.976E-01 

0 -6.1358-01 -7.645E-01 -1.978E-01 
-5.702E-01 5.651E-01 -5.9638-01 
-5.7023-01 5.651E-01 -5.963E-01 

0 -5.702E-01 5.651E-01 -5.963E-01 
-6.607E-01 5.3738-01 -5.242E-01 
-6.6073-01 5.373E-01 -5.242E-01 

0 -6.607E-01 5.373E-01 -5.2423-01 
-9.742E-02 -3.639E-01 -9.263E-01 
-9.7423-02 -3.639E-01 -9.2638-01 

0 -9.742E-02 -3.639E-01 -9.263E-01 
-1.965E-01 -3.145E-01 -9.287E-01 
-1.965E-01 -3.1453-01 -9.287E-01 

0 -1.965E-01 -3.1453-01 -9.287E-01 
4.097E-01 8.465E-01 -3.3998-01 
4.0973-01 8.465E-01 -3.399E-01 

-4.048E-02 8.8318-01 4.675E-01 
-4.048E-02 8.831E-01 4.675E-01 

0 -4.048E-02 8.8313-01 4.675E-01 
3.371E-01 -9.269E-01 -1.652E-01 
3.3713-01 -9.269E-01 -1.6523-01 

0 3.371E-01 -9.269E-01 -1.652E-01 
-1.8673-01 9.756E-01 -1.1553-01 
-1.867E-01 9.7568-01 -1.155E-01 

0 -1.8678-01 9.756E-01 -1.155E-01 
-2.616E-01 2.336E-01 -9.365E-01 
-2.616E-01 2.336E-01 -9.365E-01 

0 -2.616E-01 2.336E-01 -9.365E-01 
9.780E-01 -7.641E-02 -1,939E-01 
9.780E-01 -7.641E-02 -1.939E-01 

0 9.7803-01 -7.6418-02 -1.9391-01 
2.5808-01 -7.076E-01 6.578E-01 
2.580E-01 -7.076E-01 6.578E-01 

0 2.580E-01 -7,076E-01 6.5781-01 
-3.212E-01 -7.6786-01 -5.5438-01 
-3.2123-01 -7.6783-01 -5.543E-01 

0 -3.212E-01 -7.678E-01 -5.543E-01 
5.0393-01 -1.460E-01 6.5133-01 
5.039E-01 -1.460E-01 6.513E-01 

0 5.039E-01 -1.460E-01 8.513E-01 

o 4.097~-01 8.465~-ai -3.3993-01 

2.669E+00 

2.185E+00 

4.2256+00 

1.079E+00 

3.461Ec00 

1.836E+00 

9.5568-01 

6.415E-01 

2.764E+00 

2.785E-01 

9.097E-01 

3.360E-01 

6.376E-01 

2.186E+00 

7.314E-01 

2.3978-01 

1.444E+OO 

1.914E+00 

1.502E+00 

1.000E+00 

1.000E+00 

l.OOOE+OO 

I. 000E+00 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

l.OOOE+OO 

1. OOOEcOO 

1.000E+00 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

1.000E+00 

l.OOOE+OO 

ltOOOE+OO 

1.000E+00 

1.000E+00 

1.000E+00 



43  

'1 4 

4 5  

4 6 

47 

4 8  

4 9  

50 

lr'st 

source 

source 

source 

sourca 

source 

source 

source 

source 

source 

distribution 

distribution 

distribution 

distribution 

distribution 

distribution 

distribution 

distribution 

distribution 

1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 

written 

written 

written 

written 

written 

written 

writ ten 

written 

written 

to file 4~100s 

to file 4~100s 

to file 4~100s 

to file 4~100s 

to file 4~100s 

to file 4~100s 

to file 4~100s 

to file 4~100s 

to file 4~100s 

0, 0.  01 

0. 0. 0 )  

0. 0 ,  01 

0, 0, 0 )  

0 ,  0.  01 

0 .  0 .  0 )  

0 .  0 ,  01 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

6.080E-01 5.487E-01 5.7383-01 
6.080E-01 5.4873-01 5.738E-01 

0 6.080E-01 5.487E-01 5.738E-01 
-2.932E-01 9.304E-01 -2.199E-01 
-2.932E-01 9.304E-01 -2.199E-01 

0 -2.932E-01 9.304E-01 -2.1993-01 
-8.475E-01 -3.9933-01 -3.497E-01 
-8.4753-01 -3.9933-01 -3.497E-01 

0 -8.475E-01 -3.9933-01 -3.497E-01 
1.200E-01 -9.1953-01 -3.743E-01 
1.200E-01 -9.1951-01, -3.743E-01 

0 1.200E-01 -9.1953-01 -3.743E-01 
7.085E-01 5.879E-01 3.9043-01 
7.0858-01 5.8793-01 3.904001 

0 7.0858-01 5.8798-01 3.9043'01 
4.261E-01 9.046E-01 9.254E-03 
4.261E-01 9.046E-01 9.254E-03 

0 4.2613-01 9.046E-01 9.254E-03 
5.4313-01 4.270E-01 -7.230E-01 
5.431E-01 4.270E-01 -7.230E-01 

0 5.431E-01 4,2703-01 -7.230E-01 
-1.053E-01 -9.8053-01 1.658E-01 
-1.053E-01 -9.805E-01 1.658E-01 

0 -1.053E-01 -9.8053-01 1.6588-01 

20 

25 

30 

35 

40 

45 

50 

55 

60 

5.971Et00 

1.827E+00 

1.928E+OO 

1.351E+00 

2.288E+00 

1.23OE+00 

1.4338+00 

6.572E-01 

print 

1.000E+00 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

1.000E+00 

1.000E+00 

l.OOOE+OO 

l.OOOE+OO 

table 175 

0. OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

0 .  OOOEeOO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

. ~ r * * t f * * * * * * + . * . * . r * l * * * * * * . * * * * * l l . t t ~ ~ ~ ~ . . * * ~ * * * * * ~ * ~ * ~ ~ * ~ . * * * * * " * " * * * ~ ~ * * * . ~ * . " * * " * * ~ * * * ~ . . , * * . * * " * * * * ~ , ~ * ~  

dump no. 2 on file 4c100r nps = 247075 coll = 18623277 ctm = 15.01 nrn = 337493008 

source distribution written to file 4~100s cycle = 65 

source distribution written to file 4~100s cycle = 70 

source distribution written to file 4~100s cycle = 75 

source distribution written to file 4clOOs cycle = 80 

source distribution written to file 4~100s cycle = 85 

i i I 
I 

I 



source distribution written to file 4 ~ 1 0 0 s  

source distribution written to file 4~100s 

estimator cycle 100 ave of 80 cycles 
k (collision) 0 . 8 9 9 7 3 4  0 . 9 3 1 7 3 0  0 . 0 0 1 5  
kfabsorption) 0 . 9 4 0 6 9 0  0 . 9 2 8 0 5 0  0 . 0 0 1 3  
kltrk lengthl 0 . 9 0 0 1 0 5  0 . 9 3 1 8 9 6  0 . 0 0 1 5  
rem life(co1) 6.9995E+04 7 . 3 8 3 0 1 + 0 4  0 . 0 0 3 4  
rem life(abs1 7 . 0 0 7 2 E + 0 4  7 .3667E+04 0 . 0 0 2 8  
source points generated 378% 

source d,istribution written to Eile 4 ~ 1 0 0 s  

saurce distribution written t o  file 4 ~ 1 0 0 s  

source distribution written to file 4 ~ 1 0 0 s  

source distribution written to file 4 ~ 1 0 0 s  

estimator cycle 1 1 6  ave of 96 cycles 
k(col1isionJ 0 . 9 1 3 7 9 1  0 . 9 3 0 2 5 1  0 . 0 0 1 3  
kfabsorption) 0 , 9 3 0 7 2 4  0 . 9 2 8 2 7 8  0 . 0 0 1 2  
kltrk length) 0 . 9 1 3 0 6 4  0 . 9 3 0 3 8 2  0 . 0 0 1 4  
rem life(co1) 7.3786E+04 7.3594E+04 0 . 0 0 3 1  
rem life(abs1 7.3733E+04 7 .3589E+04 0 . 0 0 2 5  
source points generaced 4022 

estimator cycle 1 1 7  ave of 97 cycles 
k(col1ision) 0 . 9 1 3 5 4 7  0 .930079 0 . 0 0 1 3  
k(absorption) 0 , 9 3 0 3 5 3  0 .928299 0 , 0 0 1 2  
k(trk lengthl 0 . 9 1 6 2 1 9  0 . 9 3 0 2 3 6  0 .0013 
rem lifefcoll 7.3819E+04 7 .3596E+04 0 . 0 0 3 1  
rem lifelabs) 7 . 4 1 5 2 3 + 0 4  7 .3595€+04 0 . 0 0 2 4  
:xurce points generated 4120 

estimator cycle 118 ave of 98 cycles 
k (col 1 ision 1 0 . 9 4 4 3 9 0  0 . 9 3 0 2 2 5  0 . 0 0 1 3  
klabsorption) 0 . 9 3 1 6 9 0  0 . 9 2 8 3 3 4  0.0012 
k(trk length) 0 . 9 4 5 6 6 7  0 . 9 3 0 3 9 3  0 . 0 0 1 3  
ran life(co1) 7 . 6 9 1 5 E + 0 4  7 .3630E+04 0 , 0 0 3 1  
rem lifelabsl 7.5834Ei.04 7 .3618E+04 0 , 0 0 2 4  
source points qenerated 4 1 0 8  

estimator cycle 119 ave of 99 cycles 
k(co1lision) 0 . 9 1 5 2 6 4  0 . 9 3 0 0 7 4  0 . 0 0 1 3  
k ( absorption 1 0 . 9  122  6 5  0 .928172 0 . 0 0 1 2  
k(trk lengthl 0 , 9 1 7 9 6 2  0 . 9 3 0 2 6 8  0 . 0 0 1 3  
rem life(co1) 7 . 9 0 1 8 E c 0 4  7 .3684E+04 0 . 0 0 3 2  
rem life(abs1 7.8149,E+04 7 .36638+04 0 . 0 0 2 5  
source points generated 3 8 4 1  

estimator cycle 1 2 0  ave of 100 cycles 
k(co1lision) 0 . 9 2 4 3 9 2  0 .930017 0 . 0 0 1 3  
klabsorptionl 0 , 9 5 5 5 6 0  0 . 9 2 8 4 4 5  0 , 0 0 1 2  
kltrk lengthl 0 , 9 2 7 2 3 9  0 . 9 3 0 2 3 7  0 . 0 0 1 3  
rem life(col1 7.6138E+04 7 .3709E+04 0 , 0 0 3 2  
rem lifelabsl 7.4223E+04 7 .3669E+04 0 , 0 0 2 5  

cycle = 9 0  

cycle = 9 5  

combination 
k(col/abs) 
k(abs/tk In) 
k(tk ln/col) 
k(col/abs/tk In) 
life(col/abs) 

cycle = 1 0 0  

cycle = 1 0 5  

cycle = 1 1 0  

cycle = 1 1 5  

combination 
k (col/abs I 
k(abs/tk In1 
kltk ln/col) 
k(col/abs/tk In) 
lifelcol/absl 

corrrbination 
klcol/abs) 
k(abs/tk In) 
k(tk ln/col) 
k(col/abs/tk 11-11 
life (col/abs) 

combination 
k (col/abs I 
k(abs/tk In] 
k(tk ln/col) 
klcol/abs/tk In) 
lifelcol/abs) 

conibinat ion 
k(col/abs) 
k(abs/tk In) 
k(tk ln/col) 
k(col/abs/tk In) 
life(col/abs) 

combination 
k (co 1 /abs 1 
k(abs/tk In) 

' k(tk ln/coI) 
k(col/abs/tk In) 
life (col/abs) 

simple average 
0.929890 0 .0009 
0 .929973 0 . 0 0 0 9  
0 . 9 3 1 8 1 3  0 . 0 0 1 5  
0 . 9 3 0 5 5 9  0.0010 

7 .3748EtO4 0.0030 

simple average 
0 . 9 2 9 2 6 5  0.0008 
0 . 9 2 9 3 3 0  0.0008 
0.930317 0 . 0 0 1 3  
0 .929637 0 . 0 0 0 9  

7 . 3 5 9 1 3 + 0 4  0 . 0 0 2 7  

simple average 
0.929189 0.0008 
0.929268 0.0008 
0 . 9 3 0 1 5 7  0 . 0 0 1 3  
0 . 9 2 9 5 3 8  0 .0009 

7 .3595E+04 0 .0027 

simple average 
0 . 9 2 9 2 7 9  0 . 0 0 0 8  
0 . 9 2 9 3 6 4  0 .0008 
0 . 9 3 0 3 0 9  0 . 0 0 1 3  
0 . 9 2 9 6 5 1  0 . 0 0 0 9  

7 .3624E+04 0 . 0 0 2 7  

simple average 
0 . 9 2 9 1 2 3  0.0008 
0 . 9 2 9 2 2 0  0 . 0 0 0 8  
0 . 9 3 0 1 7 1  0 . 0 0 1 3  
0 . 9 2 9 5 0 4  0 . 0 0 0 9  

7 . 3 6 7 4 3 + 0 4  0 . 0 0 2 7  

simple average 
0 . 9 2 9 2 3 1  0.0008 
0 . 9 2 9 3 4 1  0.0008 
0 . 9 3 0 1 2 7  0 . 0 0 1 3  
0 .929567 0 . 0 0 0 9  

7 .3689E+04 0 .0027 

combined average 
0.929690 0 .0009 
0 .929739 0 . 0 0 0 9  
0 .931733 0 . 0 0 1 5  
0 . 9 2 9 7 4 2  0 . 0 0 0 9  

7 .3622E+04 0 . 0 0 2 8  

combined average 
0.929172 0.0008 
0 . 9 2 9 2 1 8  0.0008 
0 . 9 3 0 2 5 0  0 . 0 0 1 3  
0 . 9 2 9 2 2 6  0.0008 

7 .3588Ec04 0 . 0 0 2 4  

combined average 
0.929099 0.0008 
0.929159 0.0008 
0 .930089 0 . 0 0 1 3  
0 . 9 2 9 1 7 5  0 .0008 

' 7 . 3 5 9 4 E + 0 4  0 . 0 0 2 4  

combined average 
0 . 9 2 9 1 7 8  0 . 0 0 0 8  
0 .929242 0 .0008  
0 . 9 3 0 2 3 1  0 . 0 0 1 3  
0 .929257 0.0008 

7 .3614E+04 0 . 0 0 2 4  

combined average 
0.929022 0.0008 
0 , 9 2 9 0 9 9  0.0008 
0 . 9 3 0 0 9 3  0 . 0 0 1 3  
0 . 9 2 9 1 2 6  0 .0008  

7 . 3 6 5 6 8 + 0 4  0 . 0 0 2 4  

combined average 
0 . 9 2 9 1 6 9  0.0008 
0 . 9 2 9 2 6 2  0 . 0 0 0 8  
0 . 9 3 0 0 4 4  0.0013 
0 .929283 0.0008 

7 . 3 6 5 5 3 + 0 4  0.0024 

corr 
- 0 , 1 0 5 1  
- 0 . 1 4 5 7  

0 . 9 8 0 3  

0 . 8 8 7 2  

corr 
- 0 . 1 4 0 4  
- 0 . 1 8 5 2  

0 . 9 8 0 2  

0 . 8 7 7  9 

corr 
- 0 . 1 4 1 7  
- 0 , 1 8 6 2  

0 . 9 8 0 3  

0 . 8 7 7 7  

corr 
- 0 . 1 3 6 8  
- 0 . 1 8 0 6  

0 . 9 8 0 6  

0 . 8 7 9 8  

cor+ 
- 0 . 1 1 5 9  
- 0 . 1 6 2 7  

0 .9806 

0 . 8 8 6 7  

corr 
- 0 . 1 2 3 7  
- 0 . 1 6 3 7  

0 . 9 8 0 3  

0.8846 
T 
0 
0 
I-' 



source points generated 4089 

source distribution written to file 4c100s cycle = 120 
lproblem summary 

run terminated when 120 kcode cycles were done. 
+ 02/11/01 03:45:03 

k eff, 1839 of Pu-239 in cellulose spheres in 2.0 cubic foot of pure celulose probid = 02/11/01 03:16:03 
0 
neutron creation tracks weight energy neutron loss tracks weight energy 

(per source particle) (per source particle) 

source 

weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
upscat tering 

(n,xn) 
fission 

total 

478709 

0 
0 

. o  
0 
0 
0 
0 
0 

4 
0 

478713 

0. 
0. 
3.1186E-02 
0. 
0. 
0. 
0. 
0. 

4.6106E-06 
0. 
1.03393+00 

0. 
0. 
6.4218E-06 
0. 
0. 
0. 
0. 
3.8515E-07 

7.1581E-06 
0. 
2.1131E+00 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxtran 
forced collisions 
exp. transform 
downscattering 
capture 
loss to (n,xn) 
loss to fission 

total 

114884 
0 
0 
0 
0 

363827 
0 
0 
0 
0 
0 
0 
2 
0 

478713 

2.02078-01 
0. 
0. 
0. 
0. 
3.12623-02 
0. 
0. 
0. 
0. 
0. 
4.7R54E- 01 
2.30531-06 
3.2201E-01 
1.0339E+00 

1.24335-01 
0. 
0. 
0. 
0. 
6.9755E-06 
0. 
0. 
0. 
0. 
1.9633E+00 
2.4501E-02 
2.2520E-05 
9.41063-04 
2.1131E+00 

number of neutrons banked 2 average lifetime, shakes cutoffs 

neutron collisions per source particle 7.50323+01 capture 7.2131E+04 
neutron tracks per source particle 1.0000E+00 escape 8.0550E+04 tco 1.0000E+34 

eco 0.0000E+00 
total neutron collisions 35918342 capture or escape 7.38283+04 wcl -5,000OE-01 
net multiplication 1.0000E+00 0,0000 . any termination ?.7651E+04 W C ~  . -2.5000E-01 

computer time so far in this run 28.99 minutes 
computer time in mcrun 28.98 minutes 
source particles per minute 1.65183+04 
random numbers generated 650997706 

range of sampled source weights = 9.3045E-01 to 1.0917E+00 
lneutron activity in each cell 

cell 

1 1  
2 2  
4 4  
5 5  
6 6  
7 7  

total 
lkeff results 

tracks 
-entering 

0 
197980 
996268 
849529 
6398381 

0 

8442158 
for: k eff, 

maximum number ever i n  'bank 1 
bank overflows to backup file 0 
field length 0 
most random numbers used was 13619 in history 66714 

print table 126 

population collisions collisions number flux average average 
* weight weighted weighted track weight track mfp 

(per history) energy energy Irelative) (cm) 

0 0 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 
132957 7255340 8.8572E+00 5.1678E-05 2.3615E-01 6.1850E-01 2.1281E+00 
395598 15439971 2.4796E+01 1.6240E-04 5.38508-01 8.3074E-01 2.8133E+00 
376725 13223031 2.1409E+01 1.6758E-04 5.4944E-01 8.36633-01 2.84383+00 
418381 0 O.OOOOE+OO 1.6566E-04 5.4039E-01 8.23558-01 0.000OE+00 

0 0 0.0000E+00 0.0000E+OO 0.0000E+00 O.OOOOE+OO 0.0000E+00 

1323661 35918342 5.5063E+Ol 
183g of Pu-239 in cellulose spheres i n  2.0 cubic foot of pure celulose probid = 02/11/01 03:16:03 

the initial fission neutron source distribution used the 2 source points that were input on the ksrc card. 

I 
0 0 m I  
P '  
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the criticality problem was scheduled to skip 20 cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 
this problem has run 20 inactive cycles with 79803 neutron histories and 100 active cycles with 398906 neutron histories. 

this calculation has completed the requested number of kef€ cycles using a total of 478709 fission neutron source histories. 
a l l  cells with fissionable material were sampled and had fission neutron source points. 

thc results of the w test for normality applied to the individual collision, absorption, and track-length keff cycle values are: 

the k( collision) cycle values appear normally distributed at the 95 percent confidence level 
the..k(absorption) cycle values appear normally distributed at the 95 percent confidence level 

, the k(trk length) cycle values appear normally distributed at the 95 percent confidence level 

I I 
I I 
I I 
I I 

1 the final estimated combined collision/absorption/track-length keff = 0.92928 with an estimated standard deviation of 0.00077 I 

I rlie estimated 68, 95, k 99 percent keff confidenre intervals are 0,92851 to 0,93005, 0.92775 to 0.93081. and 0.92725 t o  0.93131 I 

1 the estimated collision/absorption neutron removal lifetime = 7.37E-04 seconds with an estimated standard deviation of 1 . 7 R E - 0 6  1 

the estimated average keffs, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

kef€ estimator keff standard deviation 68% confidence 95% confidence 99% confidence corr 

collision 0.93002 0.00122 0.92880 to 0.93123 0.92760 to 0.93244 0.92681 to 0.93323 
absorption 0.92845 0.00111 0.92733 to 0.92956 0.92623 to 0.93066 0.92551 to 0.93138 

track length 0,93024 0.00123 0.92900 to 0.93147 0.92778 to 0.93269 0.92698 to 0.93350 
col/absorp 0.92917 0.00078 0.92839 t o  0.92995 0.92763 to 0.93071 0,92712 to 0 ,93122 -0.1237 

abs/trk len 0.92926 0.00076 0.92850 t o  0.93003 0.92774 to 0.93078 0,92725 to 0.93128 -0,1637 
col/trk len 0,93004 0.00123 0.92882 to 0.93127 0.92760 to 0.93249 0.92680 to 0.93328 0.9803 

col/abs/trk len 0.92928 0.00077 0.92851 to 0.93005 0.92775 to 0.93081 0,92725 t o  0.93131 

if the largest of each keff occurred on the next cycle, the keff results and 68, 95, and 99 percent confidence intervals would be: 

kef€ estimator keff standard deviation 68% confidence 95% confidence 99% confidence 

coilision 0.93031 0.00124 0.92907 to 0.93155 0.92784 to 0.93278 0,92704 to 0.93358 
absorption 0.92871 0.00113 0.92758 to  0.92985 0.92646 to 0,93097 0,92572 to 0.93171 

track length 0.93052 0.00125 0.92927 to 0.93178 0.92802 to 0.93302 0.92721 to 0.93383 
col/abs/trk len 0.92956 0.00081 0.92875 to 0.93037 0,92795 to 0.93118 0,92742 to 0,93170 

the estimated collision/absorption neutron lifetimes. one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

type lifetime(sec) standard deviation 68% confidence 95% confidence 99% confidence 

removal 7.36551-04 1.78291-06 7.3476E-04 to 7.38333-04 7.3300E-04 to 7.4010E-04 7.3184E-04 to 7.4126E-04 
capture 7.21531-04 1.7126E-06 7.1982E-04 t o  7.2325E-04 7.18121-04 to 7.24953-04 7 . 1 7 0 1 E - 0 4  to 7.2606E-04 
fission 6.79913-04 1.7130E-06 6.7819E-04 to 6.8162E-04 6.76509-04 to 6.83328-04 6.75383-04 to 6.8443E-04 
escape 7.9643E-04 4.86901-06 7.9155E-04 to 8.013OE-04 7.86731-04 to 8.0612E-04 7.83563-04 to 8.0929E-04 

laverage individual and combined collision/absOrPtion/track-length keff results for  7 different batch sizes 

0 2  
0 cn m 

I 
0 
0 



cycles per 
keff batch 

1 
2 
4 
5 

10  
20  
25 

lindividual d 

number of 
k batches 

1 0 0  1 
50  I 
25 I 
2 0  I 
1 0  I 

5 1  
4 1  

hnd average 

average keff estimators and deviations 
k(co1) st dev k(abs) st dev k(trk) st dev 

normality 
co/ab/ trk 

195/95 /951 
1 9 5 / 9 5 / 9 5 )  
9 5 / 9 5 / 9 5 (  
9 5 / 9 5 / 9 5 1  Jsl_slisl, 9 5 / 9 5 / 9 5  

9 5 / 9 5 / 9 5 1  

average k(c/a/t) 
k(c/a/t) st dev 

0.92928 0 .00077 
0 .92928 0.00073 
0 .92918 0 .00084 
0.92948 0.00085 
0 .92958 0 .00082 
0.92875 0 .00049 
0 .92766 0.00030 

k(c/a/t) confidence intervals 
95% confidence 99% confidence 

0.92775-0 .93081 0 . 9 2 7 2 5 - 0 . 9 3 1 3 1  
0 .92781-0 .93075 0 .92732-0 .93125 
0 .92745-0 .93092 0 .92682-0 .93155 
0 .92768-0 .93128 0 .92700-0 .93195 
0.92763-0.93153 0.92669-0.93247 
0 .92662-0 .93088 0 .92389-0 .93367 
0 .92383-0 .93149 0 .90847-0 .94685 

0 .9300 0 . 0 0 1 2  
0 . 9 3 0 0  0 .0013 
0 .9300 0 .0013 
0 . 9 3 0 0  0.0014 
0 .9300 0.0016 
0 . 9 3 0 0  0 .0018 
0 . 9 3 0 0  0 . 0 0 2 5  
keff estimator 

0.9284 0 . 0 0 1 1  0 .9302 0 .0012 
0 . 9 2 8 4  0 . 0 0 1 1  0 . 9 3 0 2  0 . 0 0 1 3  
0 .9284 0 . 0 0 1 1  0 . 9 3 0 2  0 .0013 
0 . 9 2 8 4  0 .0013 0 . 9 3 0 2  0 .0013 
0 .9284 0 . 0 0 1 2  0 .9302 0 . 0 0 1 5  
0 . 9 2 8 4  0 .0005 0 . 9 3 0 2  0.0018 
0 .9284 0.0006 0 . 9 3 0 2  0 .0023 
results by cycle 

average keff estimators and deviations average k(c/a/t) kef€ ' neutron 
cycle .histories 

keff estimators by cycle 
klcoll) kiabs) k(track) k(col1) st dev klabs) st dev k(track1 st dev k(c/a/t) s t  dev fom 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10  

11 
12 
1 3  
1 4  
1 5  
16  
17 
1 8  
1 9  
20 

- - - - - - - - - 

4000 
4042 
3664 
4 1 6 1  
3926 
4067 
3975 
4114 
3940 
4024 

1 . 0 4 1 6 5  
0 . 9 4 8 3 5  
0 .97046 
0.93384 
0 .93690 
0 . 9 2 8 3 0  
0 .94939 
0 .92812 
0 .93138 
0 . 9 4 3 9 6  

1 .04814 
0 .94779 
0 .89935 
0 .93230 
0 .92063 
0 .92927 
0 . 9 3 9 8 0  
0 .92635 
0 . 9 0 2 2 1  
0 .91704 

1 . 0 3 8 1 8  
0 . 9 5 4 6 6  
0 . 9 7 0 0 2  
0 . 9 3 3 5 6  
0 . 9 3 7 5 8  
0 . 9 2 3 3 7  
0 . 9 4 6 1 0  
0 . 9 2 4 2 1  
0 . 9 2 9 1 8  
0 . 9 3 9 8 0  

4024 
3 9 1 1  
4089 
4015 
3985 
3967 
4053 
3826 
3969 
4 0 5 1  

0 .92389 
0 , 9 4 2 3 0  
0 .93906 
0 .95588 
0 .94308 
0 .93795 
0 .92952 
0 .92195 
0 , 9 2 9 3 8  
0 .91439 

0 . 9 2 1 4 3  
0 . 9 3 2 9 4  
0 . 9 0 7 3 6  
0 .94117 
0 . 9 3 0 5 9  
0 .90719 
0 .92748 
0 .93479 
0 .89903 
0 .94370 

0 . 9 2 1 0 4  
0 . 9 4 1 4 5  
0 . 9 3 9 1 8  
0 . 9 6 2 6 8  
0 . 9 4 1 7 6  
0 . 9 3 9 8 6  
0 . 9 2 4 4 9  
0 . 9 2 3 0 9  
0 . 9 2 9 0 8  
0 . 9 1 0 6 3  

- - - - - - begin active keff cycles 
3870 1 0 .92484 0 .92738 0 . 9 2 5 2 9  
4094 1 0 .93499 0 . 9 2 4 2 5  0 .93783 
3946 1 0 .94767 0 .92186 0 . 9 4 8 9 6  
4004 1 0 .92008 0 . 9 2 9 5 9  0 . 9 2 6 3 3  
3829 I 0 .93650 0 .93597 0 .93754 
4UD7 1 0 .93770 0 .93644 0 .93679 
3904 I 0.95959 0 .92523 0 . 9 5 6 9 7  
4019 I 0.92432 0 , 9 0 7 2 1  0 , 9 2 6 3 5  
3953 I 0 . 9 3 7 1 9  0.90867 0 , 9 3 6 2 4  
4046 I 0 . 9 2 7 0 2  0 .93115 0 , 9 2 4 8 8  

2 1  
22 
23 
24 
25 
26  
27 
28 
29 
30 

0.92992 0 .00507 
0 .93584 0.00660 
0.93190 0 . 0 0 6 1 1  
0.93282 0 .00482 
0.93363 0 .00402 
0.93734 0.00503 
0 .93571 0 .00465 
0 .93588 0 .00410 
0.93499 0 .00376 

0 . 9 2 5 8 1  0 .00156 0 .93156 0 ,00627 
0 . 9 2 4 5 0  0 .00160 0 ,93737 0.00684 
0 .92577 0.00170 0 , 9 3 4 6 1  0 .00557 
0 . 9 2 7 8 1  0.00243 0.93519 0 .00435 
0 . 9 2 9 2 5  0 .00245 0.93546 0.00356 
0 .92867 0 .00215 0 .93882 0 . 0 0 4 5 1  
0 .92599 0.00326 0.93726 0 . 0 0 4 2 1  
0 .92407 0 .00346 0 .93715 0 . 0 0 3 7 1  
0 .92477 0.00318 0 ,93592 0 .00354 

0 .92673 0 .00071 1790787 
0.93122 0 .00417 41771 
0 .93320 0 .00275 80192 
0 .93328 0 . 0 0 2 5 1  82692 
0 . 9 3 3 1 1  0.00484 19449 
0 .93207 0 .00516 15034 
0 .93036 0 .00367 26855 

0 .92986 0 .00387 
0.93063 0.00322 
0 .92963 0 .00292 
0 .92818 0 .00268 
0 .92814 0.00235 
0.92822 0 .00217 
0.92992 0 .00237 
0 .93057 0 .00239 
0 .92895 0.00238 

2 1 9 9 1  
29102 
32472 
3 5 8 1 1  
43622 
47771 
37910 
34970 
33556 

3 1  3937 
32 3927 
33 3980 
34 3933 
35 3909 
36 4019 
37 4004 
38 4020 
39 3953 

0 .91406 
0 .'93 14.2 
0 . 9 3 2 6 5  
0 . 9 2 2 2 1  
0.91844 
0 .92527 
0 . 9 4 4 5 5  
0 . 9 4 1 1 0  
0.89419 

0 .91127 
0 .93779 
0 .92312 
0 .92355 
0 .93374 
0.92965 
0 .95220 
0 .93964 
0 . 9 2 6 7 1  

0.91836 
0 . 9 3 0 9 1  
0 . 9 2 9 8 0  
0 . 9 1 8 9 1  
0 . 9 1 8 9 8  
0 . 9 2 6 7 8  
0 . 9 4 3 6 6  
0 .94338 
0 .89380 

0.93309 0 . 0 0 3 9 1  
0 .93295 0.00357 
0.93293 0 .00329 
0 . 9 3 2 1 6  0.0031'4 
0 .93125 0.00306 
0 .93087 0 .00289 
0.93168 0 .00283 
0 .93220 0 .00272 
0 .93020 0 .00326 

0 . 9 2 3 5 5  0.00313 
0 .92473 0 .00309 
0 . 9 2 4 6 1  0 .00285 
0.92453 0 .00264 
0 .92515 0.00253 
0.92543 0 .00238 
0 . 9 2 7 0 0  0.00274 
0 . 9 2 7 7 1  0.00267 
0 .92765 0.00253 

0 .93432 0 .00358 
0.93404 0 .00328 
0 .93371 0.00303 
0 .93266 0 .00300 
0 .93174 0.00294 
0.93143 0.00277 
0 .93215 0 .00270 
0 .93278 0.00262 
0.93073 0 .00321 

(. 
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4 1  4299 
42 3947 
43 4037 
44 4055 
45 3898 
46 3913 
47 3948 
48 4082 
49 4055 
50 3 9 8 1  

5 1  ' 4089 
3957 
3934 53 

54 3870 
55 3976 
5 6  4 0 0 1  
57 4034 
58 4082 
59 3824 
60 3975 

- _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - -  

52 . 

. - - - - - - - - 
4024 1 
4 0 7 1  1 
3995 1 
3875 I 
3916 
4042 I 
4086 1 
3976 I 
4138 I 
3987 1 

. - - - - . - - - 
7 1  4141 
72 3967 
73 3954 
7 4  4037 
75  4004 
7 6  4046 
7 7  4026 
78  4030 
79  3878 
8 0  4214 

0 .92430 
0 .93114 
0 .94460 
0 .93316 
0 .91099 
0 .90830 
0 .93708 
0 .94328 
0 .91239 
0 .94562 

0 .94186 
0.94805 
0 .90673 
0.92216 
0 .93578 
0 .94037 
0.93387 
0 .93693 
0 . 9 3 0 1 8  
0 . 9 2 6 4 7  

0 . 9 2 4 4 8  
0.92719 
0 . 9 4 5 4 4  
0 .93347 
0 . 9 0 9 9 0  
0 .90602 
0 . 9 3 7 8 8  
0 . 9 4 2 6 9  
0 . 9 1 0 0 2  
0 . 9 4 6 2 5  

0.93087 0 . 0 0 3 1 1  
0.93089 0 . 0 0 2 9 6  
0 .93148 0 . 0 0 2 6 9  
0 .93155 0 .00277 
0.93073 0.00278 
0.92987 0 . 0 0 2 8 1  
0.93013 0.00272 
0 . 9 3 0 6 0  0 .00266 
0 .92998 0.00264 
0 .93050 0 . 0 0 2 6 0  

0 .94513 
0 .93668 
0 . 9 3 0 6 9  
0 . 9 4 2 5 1  
0 .91952 
0 .92409 
0 .93487 
0 ,91877 
0 . 9 2 2 6 6  
0 .92255 

0 .92316 
0 .94980 
0 .92496 
0 .92117 
0 .92930 
0 . 9 4 1 2 1  
0.93205 
0 .94099 
0 .92823 
0 . 9 4 5 6 3  

. - - - - - - - - 

0 . 9 1 6 2 4  0 .94692 
0 . 9 1 3 9 4  0 .93605 
0.92152 0 . 9 2 7 7 0  
0 . 9 2 8 5 7  0 . 9 4 1 5 6  
0 .90593 0 . 9 2 3 2 1  
0 . 9 4 2 3 6  0 , 9 2 6 5 1  
0 .92789 0 . 9 3 4 6 6  
0 .93644 0 . 9 1 6 5 6  
0.91639 0 . 9 2 6 0 6  
0 . 9 1 7 9 9  0 . 9 2 3 1 7  

. - - - - - - - - 
0 .93569 
0 . 9 2 8 3 6  
0 . 9 4 0 1 1  
0 . 9 3 8 3 0  
0 . 9 2 2 9 6  
0 .94642 
0.92503 
0 .92269 
0 . 9 3 1 6 6  
0 . 9 3 2 9 8  

- - - - - - - - -. 
0 . 9 2 7 2 4  
0 .95633 
0 .92625 
0 .92682 
0 . 9 2 4 2 8  
0 .94067 
0.93065 
0 .93864 
0.92767 
0.94343 

0.93097 0.00256 
0.93115 0 . 0 0 2 4 9  
0.93113 0 . 0 0 2 4 1  
0 .93147 0 .00236 
0.93113 0 .00232 
0 .93093 0 .00226 
0.93104 0 .00220 
0 .93071 0 . 0 0 2 1 7  
0 . 9 3 0 5 1  0 .00212 
0 .93031 0.00208 

0 .92876 0 .00241 
0 . 9 2 9 6 4  0 .00246 
0 .92864 0.00256 
0 .92837 0.00246 
0 .92867 0.00238 
0 .92912 0.00233 
0.92930 0.00225 
0 .92957 0.00218 
0.92959 0 .00211 
0 .92949 0 .00204 

0.92906 0 .00202 
0 .92859 0 , 0 0 2 0 1  
0 .92837 0 .00196 
0 .92838 0 .00190 
0 .92774 0 .00195 
0 .92814 0 ,00194 
0 .92814 0 .00189 
0 .92835 0 .00185 
0 .92805 0 .00183 
0 .92780 0 .00180 

- - - _ _ _ _ _ _ - _ - _ _ _ _ _ _  

0.93144 0,00309 
0 .93125 0.00295 
0 .93187 0 .00289 
0 .93193 0.00277 
0.93105 0 .00280 
0 .93009 0 .00285 
0.93038 0 .00276 
0.93082 0 .00270 
0 .93010 0 .00270 
0 .93064 0.00266 

0 .92986 0 ,00228 
0 .93046 0 .00215 
0 . 9 3 0 2 0  0 .00210 
0 .93008 0 . 0 0 2 0 2  
0 .92979 0.00193 
0 . 9 2 9 6 0  0 . 0 0 1 8 4  
0 .92982 0 . 0 0 1 7 8  
0.93015 0 .00175 
0.92983 0 .00170 
0.92996 0.00165 

0 .93116.0 .00263 
0 . 9 3 1 3 2 ' 0 . 0 0 2 5 5  
0 .93121 0.00247 
0 . 9 3 1 5 1  0 ,00242 
0.93127 0 .00236 
0.93114 0 .00230 
0.93124 0 .00224 
0 . 9 3 0 8 5  0 .00221 
0 .93073 0.00216 
0.93054 0 .00211 

I 0.93014 0 .00203 
I 0.93060 0 .00204 
I 0.93047 0 . 0 0 2 0 0  
I 0.93026 0.00196 
I 0.93024 0 . 0 0 1 9 2  
1 0 .93048 0 .00189 
[ 0 .93051 0 . 0 0 1 8 5  
1 0.93073 0 .00182 
I 0 .93068 0.00179 

0.93098 0 .00178 

0.92799 0.00177 
0.92800 0 .00172 
0.92828 0 . 0 0 1 7 1  
0 . 9 2 8 5 1  0.00168 
0 . 9 2 8 3 8  0.00165 
0.92878 0.00166 
0.92870 0 .00163 
0.92857 0.00160 
0.92863 0.00157 
0.92872 0 .00154 

0 .93046 0.00206 
0.93107 0.00210 
0 . 9 3 0 9 6  0.00206 
0.93087 0 . 0 0 2 0 1  
0 .93072 0.00197 
0 .93094 0.00194 
0 .93093 0 .00190 
0 .93109 0.00187 
0 .93102 0 .00183 
0 . 9 3 1 2 7  0 . 0 0 1 8 1  

0 .92990 0 .00160 

0 . 9 2 9 4 8  0.00154 
0 .92958 0 . 0 0 1 5 1  
0 .92919 0 ,00154 
0 .92944 0 . 0 0 1 5 1  
0 .92947 0,00147 
0 . 9 2 9 4 1  0 ,00142 
0 .92924 0 .00140 
0 .92902 0 ,00138 

0 .92968 0.00158 

_ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  i 0 .92914 0.00136 
0 .92928 0 .00137 
0 . 9 2 9 4 1  0 ,00134 1 0.92947 0 .00132 
0,92929 0.00129 
0.92965 0 . 0 0 1 3 0  
0 .92960 0 .00127 
0 . 9 2 9 6 1  0.00124 
0 . 9 2 9 6 1  0 . 0 0 1 2 1  
0 . 9 2 9 7 8  0 . 0 0 1 2 0  

31357 

33112 
35497 
35374 
36629 
38836 
41132 
42059 
4 2 2 4 1  
42816 
44023 

45099 
45098 
45747 
46704 
43391 
44067 
45272 
47072 
47137 
46989 

- - - - - - - 

- - - - - - - 

- - - - - - - - - 
47618 
45534 
46317 
46586 
48310 
46367 
47527 
48668 
49855 
50018 

0 . 9 3 2 1 3  0 .92684 
0.93193 0 . 9 1 2 2 1  
0 .93674 0 . 9 0 6 9 2  
0 .93839 0 .92287 
0 .92296 0 , 9 2 0 6 1  
0.92522 0 . 9 3 6 7 1  
0 .93997 0 . 9 2 7 6 6  
0.92264 0 . 9 3 7 6 9  
0.94176 0 . 9 3 0 6 6  
0 .93488 0 , 9 0 9 3 2  

8 1  3850 I 0.91805 0 . 9 3 9 4 9  
82 3908 I 0 .93261 0 . 9 3 6 2 0  
83 4061 [ 0 .93037 0 , 9 2 9 7 7  
84 3956 I 0.93579 0 , 9 3 8 3 3  
85 4068 I 0.'94567 0 . 9 2 1 0 5  
86  4227 I 0 .93742 0 . 9 2 6 4 5  
87 4011 1 0 .95215 0. '92713 
88 3915 I 0 . 9 3 1 8 1  0 .90686 
89 3946 I 0.94357 0 ,93562 
90  4074 1 0 .95595 0 , 9 2 9 0 8  

9 1  3930 I 0.93495 0 . 9 3 8 5 7  
-____-__-___--_-______________________ 

0.93322 
0 . 9 3 1 1 1  
0 .94417 
0 .93794 
0 .91912 
0 .92384 
0 .94088 
0 .92399 
0 .94065 
0 .93667 

0.93100 0 .00174 
0.93102 0 . 0 0 1 7 1  
0.93113 0 .00168 
0 . 9 3 1 2 6  0.00165 
0 .93111 0 .00163 
0 .93100 0 .00160 
0 .93116 0 .00158 
0 .93101 0 . 0 0 1 5 6  
0 .93120 0 .00155 
0 .93126 0.00152 

0 .92868 0 . 0 0 1 5 1  
0 .92837 0 . 0 0 1 5 1  
0 . 9 2 7 9 6  0 .00154 
0 .92787 0 . 0 0 1 5 1  
0 .92774 0 .00149 
0 .92790 0.00147 
0 . 9 2 7 8 9  0.00144 
0 .92806 0.00143 
0 .92810 0 .00141 
0 .92779 0 .00142 

0 . 9 3 1 3 1  0.00177 
0 . 9 3 1 3 1  0 .00174 
0 . 9 3 1 5 5  0 .00172 
0 . 9 3 1 6 7  0 .00170 
0.93144 0 .00168 
0 .93130 0 .00166 
0 .93147 0.00163 
0 .93134 0 . 0 0 1 6 1  
0 .93150 0 .00159 
0.93159 0 .00157 

I 0.92978 0 , 0 0 1 1 8  
0 . 9 2 9 6 1  0 .00117 
0 .92956 0 . 0 0 1 1 6  I 0.92956 0 .00114 

1 0 .92936 0 .00113 
I 0 .92940 0 . 0 0 1 1 1  
I 0.92946 0 . 0 0 1 0 9  
I 0 .92950 0 .00107 
1 0.92959 0.00106 
I 0 .92950 0,00106 

0 .91385 
0.93294 
0 .93066 
0.93585 
0.94424 
0 . 9 3 9 1 1  
0.95133 
0 .93262 
0 . 9 3 9 2 1  
0 .95519 

0.93104 0 , 0 0 1 5 1  
0.93107 0 ,00149 
0 .93106 0 .00146 
0.93113 0 .00144 
0.93135 0 .00144 
0.93145 0 .00142 
0 .93175 0.00143 
0.93176 0 . 0 0 1 4 1  
0 .93193 0.00140 
0 .93227 0 .00142 

0 .92798 0 . 0 0 1 4 1  
0 .92812 0 ,00139 
0 .92814 0 .00137 
0 .92830 0 .00136 
0 .92819 0.00134 
0 .92816 0 .00132 
0.92815 0 .00130 
0 .92784 0.00132 
0.92795 0.00130 
0 .92796 0 .00129 

0.93388 1 0 .93231 0 .00140 0 . 9 2 8 1 1  0.00128 

0 .93129 0 .00157 
0.93132 0.00154 
0 .93131 0 .00152 
0 .93138 0 .00150 
0 . 9 3 1 5 8  0 , 0 0 1 4 9  
0 .93169 0 ,00147 
0 . 9 3 1 9 9  0 .00148 
0 .93200 0 .00145 
0 .93210 0 .00144 
0.93243 0 .00145 

0 .93245 0 .00143 

1 0 .92947 0 ,00103 
I 0.92956 0 ,00102 
I 0.92957 0 ,00100 i 0 .92969 0 .00099 

0 .92972 0 .00098 
0 . 9 2 9 7 5  0 .00097 
0 . 9 2 9 8 5  0,00096 
0 .92973 0 .00097 
0 .92984 0 .00096 

I 0 .92994 0 .00097 

1 0 .93005 0.00095 
_ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

50899 
50383 
49936 
50705 
50712 
52044 
52527 
53710 
54125 
53547 

55337 
55995 
56929 
57081 
57592 
58146 
57599 
56124 
56196 
54932 

55390 

. - - - - - - - - - 

- - - - - - - - - 

0 
0 
c-) 



92 3922 
93 3997 
94 3955 
95 4034 
96  3 9 4 1  
97 3998 
98 3 7 2 1  
99 3927 
10'0 3972 

0 . 9 2 7 7 0  0 .93594 
0 .92184 0.94377 
0 .93728 0 .90967 
0 . 9 4 0 9 1  0.92250 
0 . 9 4 6 7 6  0 . 9 2 3 3 6  
0 .92597 0.91550 
0 . 9 1 4 8 1  0.92697 
0 .92953 0.92958 
0 . 8 9 9 7 3  0 .94069 

0 .92973 
0.92063 
0.93635 
0 .93895 
0 . 9 4 9 0 1  
0 .92921 
0.91417 
0 . 9 2 9 4 8  
0.90010 

0.94067 
0.92935 
0 .92675 
0 .91576 
0 .91739 
0 .93756 
0 .91984 
0 . 9 0 9 7 1  
0 .91703 
0 .92475 

.-_--- - _ _ -  

0.92822 0.00126 
0 .92844 0.00126 
0 . 9 2 8 1 8  0.00127 
0 .92811 0 .00126 
0.92804 0.00129 
0 . 9 2 7 8 8  0.00124 
0.92787 0 .00122 
0 .92789 0 . 0 0 1 2 1  
0 .92805 0 .00120 

0 .92814 0 .00119 
0.92806 0 . 0 0 1 1 8  
0 .92819 0.00117 
0.92837 0 . 0 0 1 1 7  
0 .92849 0 .00116 
0 .92813 0 .00120.  
0 .92807 0 .00119 
0 .92812 0 .00118 
0 .92803 0 .00117 
0 .92805 0 . 0 0 1 1 5  

0.92795 0 .00115 
0 . 9 2 8 0 1  0.00114 
0 . 9 2 8 0 1  0 .00112 
0.92804 0.00111 
0.92825 0 .00112 
0 .92828 0 . 0 0 1 1 1  
0 . 9 2 8 3 0  0 . 0 0 1 1 0  
0 .92833 0 . 0 0 1 0 9  
0 .92817 0.00109 
0 . 9 2 8 4 5  0 . 0 0 1 1 1  

_ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _  

0.93241 0 .00141 
0 .93225 0 .00140 
0 .93231 0.00139 
0 .93240 0.00137 
0 .93261 0.00137 
0.93257 0 .00135 
0.93233 0 .00136 
0.93230 0.00134 
0 .93190 0 .00138 

0 .93010 0 .00094 
0 .93016 0 .00092 
0.93008 0 .00092 
0.93008 0 . 0 0 0 9 1  
0.93013 0 .00091 
0 .93004 0.00090 
0 .92989 0 .00090 
0 .92989 0.00088 
0.92974 0 .00087 

56305 
57644 
57055 
57533 
57545 
57188 
5 7 3 5 1  
58185 
59425 

0 .93224 0.00138 
0 .93210 0 .00137 
0 .93217 0.00136 
0 .93229 0 .00134 
0 .93248 0.00134 
0.93239 0.00132 
0 . 9 3 2 1 7  0.00133 
0 .93213 0 .00131 
0 .93173 0 .00136 

0 .93186 0 .00134 
0 . 9 3 1 8 1  0.00133 
0 .93174 0 . 0 0 1 3 1  
0 .93156 0 . 0 0 1 3 1  i 0 .93148 0 .00129 
0 . 9 3 1 3 5  0 .00128 
0 .93107 0 , 0 0 1 3 0  

1 0 .93089 0.00129 
I 0.93077 0.00129 

0 .93079 0 . 0 0 1 2 7  
0 .93063 0.00127 
0 . 9 3 0 5 1  0 .00126 
0 . 9 3 0 4 9  0 .00125 
0 .93042 0.00123 
0 . 9 3 0 2 5  0.00123 
0 .93008 0.00123 
0 .93023 0 ,00123 
0 .93007 0.00123 
0 .93002 0 .00122 

___-_- -__-_______- -_  

1 0 .93142 0.00130, 

_ _ - - _ - - _ - _ _ _ _ - - - _ _ _ _  

- - - -___  
1 0 1  
102 
103 
1 0 4  
1 0 5  
1 0 6  
107 
1 0 8  
109 
110 

- - - - - - - 

- - - - - - - - -. 
0.93497 
0 .92207 
0 .93854 
0 .94329 
0 .93878 
0.89784 
0 .92257 
0 .93227 
0 .91997 
0 .93019 

- - _ - - _ _ - _ -  

3782 
$167 
3 8 4 1  
3962 

3977 
4034 
3963 
4008 
4028 

, ' 3975 

0 .94210 
0 .92835 
0 .92593 
0 .91654 
0 .91923 
0 . 9 3 6 3 7  
0 . 9 2 0 8 8  
0 . 9 0 6 6 7  
0 . 9 1 5 0 8  
0 . 9 1 9 8 8  

0.93200 0.00137 
0.93197 0.00135 1 
0 .93191 0.00134 I 
0.93172. 0.00134 I 
0.93155'  0.00133 1 
0 .93162 0 .00132 
0.93148 0 . 0 0 1 3 1  1 
0.93124 0.00132 I 
0 .93108 0 .00131 I 
0.93101 0 . 0 0 1 3 0  I 

___--_-----____--_---. 

0.92983 0.00086 
0.92978 0 .00086 
0 .92983 0 .00084 

0 . 9 2 9 8 5  0.00082 
0 .92974 0 .00083 
0 .92964 0 .00082 
0.92954 0 .00082 
0.92942 0 .00082 
0 . 9 2 9 4 1  0 . 0 0 0 8 1  

0 .92986 0.00083 

59415 
5 9 7 8 1  
6 0 6 7 1  
62005 
63175 
60810 
60672 
61106 
6 0 4 7 1  
61130 

. - - - - - - - 
0.93103 0.00128 
0.93082 0.00129 
0 .93066 0 ,00128 
0 .93066 0 .00127 
0.93056 0.00126 
0 .93038 0 .00126 
0.93024 0 .00125 
0.93039 0 .00125 
0 .93027 0 .00125 
0.93024 0,00123 

0.92937 0.00080 
0 .92929 0 .00079 
0 .92920 0 .00079 
0 . 9 2 9 2 1  0 .00078 
0.92930 0.00077 
0 .92923 0 .00076 
0 .92917 0.00076 
0 .92926 0.00076 
0.92913 0.00076 
0.92928 0.00077 

61422 
62132 
62453 
6 3 1 0 1  
63598 
63956 
64449 
64037 
62279 
60783 

111 4138 
1 1 2  4138 
113 3840 
114 4050 
1 1 5  4047 
1 1 6  3868 
117 4022 
1 1 8  4120 
119 4108 
1 2 0  3 8 4 1  

0 .93204 
0 . 9 1 6 1 6  
0 , 9 1 9 8 9  
0 . 9 2 8 1 1  
0 .92474 
0 . 9 1 3 7 9  
0 . 9 1 3 5 5  
0 . 9 4 4 3 9  
0 . 9 1 5 2 6  
0 . 9 2 4 3 9  

0 .91872 
0.93408 
0 .92774 
0 .93045 
0 .94843 
0.93072 
0 .93035 
0 .93169 
0.91227 
0 . 9 5 5 5 6  

0 .93302 
0 .91201 
0.91632 
0 .93033 
0 .92143 
0 .91306 
0 .91622 
0 .94567 
0.91796 
0 .92724 

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0.95959 on cycle 27 collision 0.89419 on cycle 3 9  
absorption 0.95556 on cycle 120 absorption 0.89784 on cycle 1 0 6  

track length 0 . 9 5 8 9 7  on cycle 27 track length 0.89380 on cycle 39 
lplot of the estimated col/abs/track-length keff one standard deviation interval versus cycle number ( 1  = final keff = 0 . 9 2 9 2 8 )  
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32 
33 
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4 1  
4 2  
4 3  
4 4  
4 5  
4 6  
4 7  
4 8  
4 9  
5 0  
5 1  
5 2  
53 
54’  
55 
5 6  
57 

5 9  
60 
6 1  
6 2  
63  
6 4  
6 5  
6 6  
6 1  
6 8  
6 9  
70 
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
‘7 8 
7 9  
80 
8 1  
8 2  
8 3  
84  
8 5  
8 6  
87  
8 8  

90 
9 1  
9 2  
93  
9 4  
9 5  
9 6  
9 7  
9 8  
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3 6  
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40 
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42 
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4 8  
4 9  
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53 
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5 5  
56  
57  
5 8  
5 9  
6 0  
6 1  
6 2  
63 
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7 1  
7 2  
7 3  
7 4  
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7 6  
7 7  
7 8  
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99 
1 0 0  
1 0 1  
102 
1 0 3  
104 
105 
106 
1 0 7  
1 0 8  
109 
110 
111 
112'  
113  
114  
1 1 5  
116 
1 1 7  
118 
119 
120 

0 .9300 0 .0012 
0 .9300 0 . 0 0 1 2  
0 . 9 3 0 0  0 .0012 
0 . 9 3 0 2  0 . 0 0 1 2  

94 

9 5 / 9 5 / 9 5  0 . 9 2 9 1 3  0 .00076 
95/95/951 0 .92913 0 , 0 0 0 7 7  
9 5 / 9 5 / 9 5  0 . 9 2 9 2 7  0 .00076 
95/95/951 0 .92928 0 .00077 

lindividual and collision/absorption/track-length keffs for different numbers of inactive cycles skipped for fission source settling 

0.9301 0.001'3 
0 .9299 0 . 0 0 1 3  
0 . 9 2 9 6  0 . 0 0 1 3  
0 . 9 2 9 6  0 . 0 0 1 3  
0 .9297 0 . 0 0 1 3  

skip active active average ke€f estimators and deviations 
cycles cycles neutrons k(co1) st dev k(abs) st dev k(trk) st dev 

9 5 / 9 5 / 9 5  0 .92926 0 .00080 
9 5 / 9 5 / 9 5 /  0 .92910 0.00080 
9 5 / 9 5 / 9 5  0 . 9 2 9 1 1  0.00080 
9 5 / 9 5 / 9 5  0 .92921 0.00081 
9 5 / 9 5 / 9 5  0 .92930 0 .00081 

0 
1 
2 
3 
4 
5 
6 
7 

9 
1 0  

a 

11 
12 
1 3  
1 4  
1 5  
1 6  
1 7  
1 8  
1 9  
2 0  

'2 
24 
26 
28  
30  
32 

1 2 0  478709 
1 1 9  474709 
1 1 8  470667 
1 1 7  467003 
1 1 6  462842 
1 1 5  458916 
114 454849 
1 1 3  450874 
1 1 2  446760 
111 442820 
1 1 0  438796 

1 0 9  
1 0 8  
1 0 7  . 
1 0 6  
1 0 5  
1 0 4  
1 0 3  
1 0 2  
1 0 1  
100'  

0 . 9 3 2 1  0 . 0 0 1 5  
0 . 9 3 1 2  0 . 0 0 1 1  
0 .9310 0 . 0 0 1 1  
0 . 9 3 0 7  0 . 0 0 1 1  
0 .9307 0 . 0 0 1 1  
0 . 9 3 0 6  0 . 0 0 1 1  
0 .9306 0 . 0 0 1 1  
0 . 9 3 0 5  0 . 0 0 1 1  
0 . 9 3 0 5  0 . 0 0 1 1  
0 . 9 3 0 5  0 . 0 0 1 2  
0 . 9 3 0 4  0 . 0 0 1 2  

0 . 9 2 8 8  0 . 0 0 1 5  
0 . 9 2 7 8  0.0011 
0 . 9 2 7 6  0 . 0 0 1 1  
0 . 9 2 7 8  0 . 0 0 1 1  
0 . 9 2 7 8  0.0011 
0 . 9 2 7 9  0 . 0 0 1 1  
0 .9279 0 . 0 0 1 1  
0 . 9 2 7 8  0 . 0 0 1 1  
0 . 9 2 7 8  0 . 0 0 1 1  
0 . 9 2 8 0  0 . 0 0 1 1  
0 .9281 0 . 0 0 1 1  

0 . 9 3 2 1  0 . 0 0 1 5  
0 . 9 3 1 2  0 .0012 
0 .9310 0 . 0 0 1 2  
0 . 9 3 0 7  0 . 0 0 1 1  
0 . 9 3 0 7  0 .0011 
0 .9306 0 . 0 0 1 2  
0 . 9 3 0 7  0 . 0 0 1 2  
0 . 9 3 0 5  0.0012 
0 . 9 3 0 6  0 .0012 
0 . 9 3 0 6  0 .0012 
0 . 9 3 0 5  0 . 0 0 1 2  

9 8  
9 6  
94 
92 
90  
8 8  

normality average k(c/a/t) k(c/a/t) confi 
co/ab/tl k(c/a/t) st dev 95% confidence 

no/no/no( 
9 5 / 9 5 / 9 5  
95/95/951 
95/95/951 
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5 
9 5 / 9 5 / 9 5 (  
95/95/951 
95/95/951 
95/95/951 

0 .93044 0 , 0 0 1 2 3  
0 .92940 0 .00075 
0 .92922 0.00074 
0 .92921 0 .00074 
0 .92918 0 .00074 
0 . 9 2 9 1 8  0 .00075 
0 .92920 0 , 0 0 0 7 6  
0 . 9 2 9 0 8  0 .00075 
0 . 9 2 9 1 0  0 .00076 
0 .92920 0 . 0 0 0 7 5  
0 .92921 0 .00076 

434772 0 . 9 3 0 4  0 . 0 0 1 2  
430861 I 0 . 9 3 0 3  0 .Of312 
426772 0 .9302 0.0012 
4227571 0 . 9 3 0 0  0 .0012 
4187721 0 . 9 2 9 9  0 . 0 0 1 2  
414805 0 .9298 0 . 0 0 1 2  
4107521 0 . 9 2 9 8  0 . 0 0 1 2  
4069261 0 .9299 0 .0012 
4029571 0 . 9 2 9 9  0 . 0 0 1 2  
398906)  0 .9300 0 . 0 0 1 2  

0 .9282 0 . 0 0 1 1  
0 . 9 2 8 1  0 . 0 0 1 1  
0 . 9 2 8 3  0 . 0 0 1 1  
0 . 9 2 8 2  0 . 0 0 1 1  
0 . 9 2 8 2  0 . 0 0 1 1  
0 . 9 2 8 4  0 . 0 0 1 1  
0 .9284 0 . 0 0 1 1  
0 . 9 2 8 3  0 . 0 0 1 1  
0 . 9 2 8 6  0 . 0 0 1 1  
0 . 9 2 8 4  0 . 0 0 1 1  

3909421 0 .9300 0 . 0 0 1 2  
3829921 0 . 9 2 9 9  0 . 0 0 1 2  
375156 0 . 9 2 9 8  0 . 0 0 1 3  
3672331 0 .9295 0 . 0 0 1 3  
3592341 0 . 9 2 9 5  0 . 0 0 1 3  
3513701 0 . 9 2 9 6  0 . 0 0 1 3  

0 . 9 2 8 5  0 . 0 0 1 1  
0 . 9 2 8 6  0 .0012 
0 . 9 2 8 4  0 .0012 
0 . 9 2 8 7  0 .0012 
0 . 9 2 8 9  0 .0012 
0 .9290 0 .0012 

0 .92800-0 .93288 
0 .92790-0 .93089 
0 .92775-0 .93068 
0 .92774-0 .93068 
0 .92769-0 .93066 
0 .92769-0 .93067 
0 . 9 2 7 6 9 - 0 . 9 3 0 7 0  
0 .92758-0 .93057 
0 . 9 2 7 5 9 - 0 . 9 3 0 6 1  
0 .92770-0 .93070 
0 .92770-0 .93072 

0 .92776-0 .93080 
0 .92768-0 .93074 
0 .92773-0 .93080 
0 .92762-0 .93059 
0 .92755-0 .93054 
0 .92759-0 .93060 
0 .92761-0 .93065 
0 .92759-0 .93066 
0 .92776-0 .93078 
0 .92775-0 .93081 

0 .92774-0 .93086 
0 .92767-0 .93084 
0 .92750-0 .93070 
0 .92752-0 .93070 
0 .92759-0 .93083 
0 .92769-0 .93091 

_-_ -____-____- - -_  

_ _ _ _ _ - _ _ _ ^ _ _ _ - - - -  

.dence i n t e r v a l s  
99% confidence 

0 . 9 2 7 2 0 - 0 . 9 3 3 6 8  
0 .92742-0 .93138 
0 .92728-0 .93116 
0 .92726-0 .93116 
0 .92721-0 .93114 
0 .92720-0 .93116 
0 .92720-0 .93119 
0 . 9 2 7 0 9 - 0 . 9 3 1 0 6  
0 .92710-0 .93110 
0 .92721-0 .93119 
0 . 9 2 7 2 0 - 0 . 9 3 1 2 1  

0 .92727-0 .93130 
0 . 9 2 7 1 9 - 0 . 9 3 1 2 4  
0 . 9 2 7 2 3 - 0 . 9 3 1 3 0  
0 .92713-0 .93108 
0 .92706-0 .93103 
0 . 9 2 7 1 0 - 0 . 9 3 1 0 9  
0 .92712-0 .93114 
0 .92709-0 .93116 
0 . 9 2 7 2 7 - 0 . 9 3 1 2 8  
0 .92725-0 .93131 

0 .92723-0 .93137 
0 .92715-0 .93136 
0 .92697-0 .93122 
0 .92701-0 .93122 
0 . 9 2 7 0 7 - 0 . 9 3 1 3 5  
0 .92716-0 .93144 

_ _ - _ - _ _ _ _ _ _ _ _ - - -  



' I ,  ? 

( ' 

34 86 3434571 0.9297 0,0013 0,9291 0.0012 0.9298 0.0014 j95/95/951 0.92944 0.00082 0,92780-0.93108 0,92726-0.93161 
36 84 335529 0.9299 0,0013 0.9290 0.0012 0.9300 0.0014 195/95/951 0.92948 0.00084 0.92780-0.93116 0.92725-0.93170 
38 82 327505) 0.9295 0.0014 0.9286 0,0012 0.9297 0.0014 95/95/95 0.92910 0.00082 0.92747-0.93073 0.92694-0.93126 
40 80 3196861 0.9297 0,0013 0.9285 0,0013 0.9298 0.0013 }95/95/95) 0.92917 0.00078 0.92761-0.93073 0.92710-0.93124 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
42 78 
44 76 
46 74 
48 72 
50 70 
52 68 
54 66 .. 
56 , 64 
58 62 
60 , 60 

62 58 
64 56 
66 54 
6 8  53 
70 50 
72 48 
14 46 
76 44 
78 42 
80 40 

82 38 
84 36 
86 34 
88 32 
90 30 
92 28 
94 26 
96 24 
98 22 
100 20 

_ _ _ _ _ _ _ - _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ _ _  

- - - - - - - 
102 
104 
106 
108 
110 
112 
114 
116 
117 
118 

311440 1 
3033481 
2955371 
287507 1 
279471 1 
271425) 
263621) 
255644 I 
2475281 
239729 1 
231634 1 
223764 1 
215806 1 
207744 1 
199619 

1835201 
175470) 
167414 1 
159322 I 

. . - - - - - - - 

1915111 

0.9298 0.0013 
0.9295 0.0013 
0.9301 0.0013 
0.9298 0.0013 
0.9298 0.0013 
0.9295 0.0014 
0.9293 0.0014 
0.9295 0.0014 
0.9296 0.0015 
0.9298 0.0015 

0.9296 0.0015 
0.9298 0.0015 
0.9296 0.0016 
0.9294 0.0016 
0.9291 0.0017 
0.9289 0.0017 
0.9286 0.0018 
0.9288 0.0019 
0.9286 0.0019 
0.9282 0.0020 

-. 

0.9281 0.0013 
0.9285 0.0012 
0.9282 0.0013 
0.9280 0.0013 
0.9280 0.0013 
0.9284 0.0013 
0.9285 0.0014 
0.9286 0.0014 
0.9285 0.0014 
0.9289 0.0014 

0.9288 0.0015 
0.9284 0.0015 
0.9282 0.0015 
0.9283 0.0016 
0.9282 0.0016 
0.9285 0.0017 
0,9291 0.0017 
0.9291 0.0017 
0.9290 0.0018 
0.9294 0.0018 

.__________-_--  

1515641 0.9283 0.0021 
1435471 0.9280 0.0022 
1352521 0.9272 0.0022 
1273261 0.9263 0,0022 
1193061 0.9248 0.0021 
111454) 0.9243 0.0022 
1035021 0.9239 0.0023 
95527) 0.9222 0,0021 
87808 0.9224 0.0023 
799091 0.9232 0.0022 

0.9290 0.0019 
0.9287 0.0020 
0.9290 0.0021 
0.9297 0.0021 
0.9296 0.0022 
0.9290 0.0023 
0.9292 0.0023 
0.9297 0.0025 
0.9305 0.0026 
0.9300 0.0028 

18 
16 
14 
12 
10 
8 
6 
4 
3 
2 _ _ _ _ _  

_______-__-______-________________^_____---. 

719601 0.9218 0.0022 0.9302 0.0031 
641571 0.9219 0,0024 0.9289 0.0034 
562051 0.9211 0,0025 0.9304 0.0030 
482081 0.9223 0.0026 0.9308 0.0034 
401721 0.9232 0.0031 0.9320 0.0040 

' 318961 0.'9230 0,0036 0.9334 0.0047 
240061 0.9227 0,0048 0.9348 0.0062 
16091) 0.9244 0.0071 0.9325 0.0089 
120691 0.9280 0,0086 0.9332 0.0125 
7949) 0.9198 0,0046 0.9339 0.0216 

-____-____-_____________________________----  

0.9300 0.0014 (95/95/951 0.92898 0.00080 
0.9297 0.0014 (95/95/95( 0.92904 0.00081 
0.9303 0.0013 /95/95/95 0.92921 0.00083 
0.9300 0.0014 195/95/951 0.92897 0.00084 
0,9301 0.0014 95/95/95 0.92903 0.00085 
0.9297 0.0014 195/95/951 0.92906 0.00087 
0.9296 0,0014 95/95/95 0.92905 0.00089 
0.9297 0.0014 195/95/951 0.92915 0.00088 
0,9299 0.0015 95/95/95 0.92917 0.00091 
0.9300 0.0015 195/95/951 0.92942 0.00091 

0.9296 0.0015 195/95/95( 0.92920 0.00091 
________________-___- - - - - - - - - - - - - - - - - - - - - -  

0.9286 0.0018 95/95/95 0.92886 0.00105 
0.9289 0.0019 ]95/95/951 0.92910 0.00107 
0.9287 0,0019 195/95/95) 0.92890 0.00112 
0.9282 0.0020 )95/95/95) 0.92891 0.00116 

0,9285 0.0020 (95/95/951 0.92885 0.00121 
0.9282 0.0021 (95/95/95 0.92858 0.00125 
0.9274 0.0022 95/95/95 0.92837 0.00132 

0.9251 0.0021 95/95/95( 0.92731 0.00138 
0.9246 0.0022 195/95/951 0.92680 0.00141 
0.9243 0.0023 95/95/951 0.92686 0,00154 
0.9227 0.0022 195/95/95) 0.92591 0.00167 
0.9228 0.0023 95/95/95 0.92632 0.00179 
0.9236 0.0022 195/95/951 0.92616 0.00187 

____________________- - - - - - - - - - - - - - - - - - - - - -  

0.9265 0.0022 195i95/951 0.92833 0.00136 

0.9233 0.0034 195/95/95 0.92636 0,00343 
0.9235 0.0038 95/95/95/ 0.92660 0.00491 
0.9236 0.0048 195/95/951 0.92796 0.00760 
0.9268 0.0067 (95/95/95) 0.97818 0,02077 
0.9303 0.0081 I 
0.9226 0.0046 I 

0.92739-0.93056 
0.92742-0.93066 
0.92754-0.93087 
0.92730-0.93065 
0.92734-0.93072 
0.92733-0.93079 
0.92728-0.93083 
0.92740-0.93091 
0.92735-0.93098 
0.92759-0.93125 

0.92737-0.93103 
0.92712-0.93089 
0.92701-0.93072 
0.92697-0.93082 
0.92674-0.93070 
0.92681-0.93069 
0.92674-0.93099 
0.92693-0.93127 
0.92665-0.93116 
0.92657-0.93126 

0.92641-0.93130 
0.92604-0.93112 
0.92567-0.93106 
0.92555-0.93111 
0.92448-0.93014 
0.92388-0.92971 
0.92368-0.93005 
0.92243-0.92938 
0.92257-0.93008 
0.92222-0.93011 

0.92074-0.92919 
0.92004-0.92923 
0.91893-0.93124 
0.91837-0.93250 
0.91824-0.93448 
0.91398-0.93922 
0.90376-0.95215 
0.71418-1.24218 

_-_-_-_-_-_-_- - - -  

- - - - _ _ _ - _ _ _ _ _ _ _ - -  

0.92687-0.93108 
0.92689-0.93119 
0.92700-0.93142 
0.92675-0.93119 
0.92678-0.93128 
0.92676-0.93136 
0.92669-0.93141 
0.92682-0.93149 
0.92675-0.93158 
0.92699-0.93186 

0.92676-0.93163 
0.92650-0.93152 
0.92639-0.93133 
0.92632-0.93146 
0.92607-0.93136 
0.92613-0.93157 0.92602-0.93171 

0.92619-0.93200 
0.92588-0.93192 
0.92577-0.93205 

0.92557-0.93214 
0.92516-0.93200 
0.92474-0.93199 
0.92459-0.93207 
0.92349-0.93113 
0.92285-0.93074 
0.92254-0.93118 
0.92117-0.93064 
0.92120-0.93145 
0.92074-0.93158 

0.91913-0.93080 
0.91823-0.93105 
0.91640-0.93377 
0.91529-0.93558 
0.91435-0.93837 
0.90681-0.94640 
0.88355-0.97236 
0.00000-2.30046 

the minimum estimated standard deviation for the col/abs/tl keff'estimator occurs with 2 inactive cycles and 118 active cycles. 

the first active half of the problem skips 20 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len keff. one standard deviation. and 68. 95. and 99 percent intervals for  each active half of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

0 2  
n m 
tf' 
0 
0 
P 



first half 0,92978 0.00120 0.92858 to 0.93099 0.92737 t o  0,93219 0.92656 to 0,93300 
second half 0.92872 0.00098, 0.92773 to 0,92971 0.92574 to 0.93070 0.92607 to 0.93136 
final result 0.92928 0.00077 0.92851 to 0.93005 0.92775 to 0.93081 0.92725 to 0.93131 

the first and second half values of k(collision/absorption/track length) appear to be the same at the 68 percent confidence level. 
lplot of the estimated col/abs/track-length keff one standard deviation interval by active cycle number ( 1  = final keff = 0.92928) 

inactive 
cycles 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 

active 0.922 0.924 
cycles 

120 1 
,119 I 
118 1 
117 1 
116 1 
115 I 
114 I 
113 I 
112 I 
111 + 
1iO 1 
109 I 
108 I 
107 I 
106 1 
105 1 
104 I 
103 1 
101 + 
100 * 

io2 I 

99 I 
98 I 
97 I 
96 I 
95 1 
94 I 
93 I 
92 I 
90 I 
89 I 

86 I 
85 I 
84 I 
83 I 
82 I 
80 I ' 

79 I 
78 I 
77 I 
76 I 
75 I 
74 I 
73 I 

91 + 

88 
'87 1 

81 + 

932 

i 



48 
49  
5 0  
5 1  
52 
53 
5 4  
5 5  
5 6  
57 
5 8  
59 : P 
62 
6 3  
64 
65 
6 6  
67 
6 8  
69 
7 0  
7 1  
7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
78  
79  
80 
8 1  
82  
83 
84 
8 5  
86 
8 7  
8 8  
89 + 
9 0  
9 1  
92  
93 
94 
9 5  
9 6  
97 
9 8  
9 9  

100 
1 0 1  

. . 102 
103 
1 0 4  
1 0 5  

:; I 
61 + 

’* 60 I 
59 I 
58 I 
57 I 
56 1 
55 I 
54 I 
53 I 
5 2  I 
5 1  t 

49 
48 
47 
46  
4s 
44 
43 
42 
4 1  
40 
39 
38 
37 
36 
35 
34 
33 
32 
3 1  
30  

2 9  
28 
27 
26 
25 
24 
23 
22 
2 1  
20  
19 
18 
17  
1 6  
15  

I 
+ 

+ 

+ 

+ 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

650997706 dump no. 3 on file 4c100r nps = 478709 coll = 35918342 ctm = 28.98 nrn = 

2 warriing messages so far. 

run terminated when 

computer time = 29.00 minutes 

120 kcode cycles were done. 

rncnp version 4a 10/01/93 02/11/01 03:45:03 probid = 02/11/01 03:16:03 
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Problem Statement & Calculation Objectives: 

To determine the Pu-239 mass sub-critical limit for 03 x Q) x 12 ft arrays of 2.5-cubic-foot boxes with Pu- 
239-cellulose spheres and pure cellulose or void outside the sphere. Every box has 1 sphere containing the 
same amount of Pu-239. 
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Weight Fraction 

0.000 124 

0.755267 
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Job NO 30822-244-330 16860 Job: PSR-6 Bv 2 c  Date @3h/f l  
Client WVNS Subiect: cellulose-Pu-239 sDheres Chk’d. /d Date 3/367h/ 

Oxygen (0) 0.23 178 1 1 

Analysis 

Assumptions 

Pu-239 inside the sphere is uniformly mixed with 0.72 g/cm3 cellulose 
The pure cellulose (0.72 g/cm3) fills the entire space inside the container and outside the Plutonium 
sphere. 
The containers stand on the 3 m thick concrete floor 
The box inside dimensions are 2.875 x 2.875 x 2.875 foot 
The box wall thickness is zero 
Every box in the array contains the same mass of Pu-239 
The boxes are arranged in the infinite square array, 12 feet heigh (m xm x 12 ft) 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Attachments 1 has the drawings of the 
models used. Examples of MCNP input and output files for both cases can also be found in the Attachments. 
The plutonium spheres were located in the box’s comer as shown in Attachments 1. 

Air, Carbon Steel, Concrete and Cellulose Composition 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element 
composition of concrete (Harmon C. D., II et al., 1993) in the floor. 

Table 1. Air composition 

II I 
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El em en t 

Hydrogen (H) 

Oxygen (0) 

Sodium (Na) 

Aluminum (AI) 

Silicon (Si) 

Sheet No. 3/12 
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Weight Fraction 

0.010 

0.532 

0.029 

0.034 

0.337 

'd 
Job NO 30822-244-330 16860 Job: PSR-6 Bv D a t e r n k b f  
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Element 

Hydrogen (H) 

Carbon (C) 

Oxygen (0) 

Table 2. Concrete composition 

Atomic Weight 

1.00794 

12.0107 

15.9994 

- 1  0.044 

Iron (Fe) 1 0.014 

The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 3) and the cellulose chemical formula - C,H@,. 

Lj 

The molecular weight of cellulose (C,HloO,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ith element was found as a ratio of the i'h element weight in the molecule 
to the molecular weight of this molecule. 

where 
(w,)~~,, = the weight fraction of ith element in a molecule of cellulose 
n, = the number of the i'h elements in a cellulose molecule 

Li-J 
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Element 

Hydrogen (H) 

Carbon (C) 

Sheet No. 4/12 
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Weight Fraction 

0.062 

0.444 

Job NO 30822-244-330 16860 Job: PSR-6 Bv JE Date@& ' / i  
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Oxygen (0) 

A ,  = the atomic weight of the ilh element, g/mol 
Mc<!/ = the molecular weight a cellulose molecule, g/mol 

0.493 

Calculated weight fractions for cellulose are shown in Table 4. 

Table 4. Cellulose Weight Fractiqns 

Radii of the Plutonium containing spheres. 

The spheres with several different radii were studied. The minimum size of the Plutonium containing sphe'kh? 
corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container, i.e. half of the box height. The minimum radius equation (3) was derived from the volume of a 
sphere equation (2) 

4 d ~ P . )  (2) 
3 VP,, = 

where: 
R,,,, = the minimum possible radius of the sphere containing Pu-239, cm 
R,,, = the radius of the metal Plutonium sphere, cm 
V,,,, = the volume of the sphere with Pu-239, cm3 
m,,, = the mass of the Plutonium sphere, g 
pl+, = the density of the metal Plutonium, 19.78 g/cm3 

Composition of the Plutonium containing spheres 

The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of.the mixture was determined using 



z 

.I . 
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equation (4): 

where 
IV~,,,~, = the total mass of the mixture, g 
m,,, = the mass of Pu-239 in a sphere, g 
miel = the mass of a cellulose in a sphere, g 

V7+,/ = the total volume of a sphere, cm' 
V,,, = the volume of a cellulose in the sphere, cm' 
peel = the density of a cellulose, 0.72 g/cm3 
V,., = the volume of Pu-239 in the sphere, cm3 

R = the radius of a Plutonium containing sphere, cm 
= the density of the metal Plutonium, 19.78 g/cm3 

In the Plutonium-cellulose mixture, the weight fraction of Pu-239 was calculated using equation 5 ,  and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6) and the weight fraction of an element 
in a pure cellulose (equation I ) .  



URS 

Radius of the sphere. cm 5 10 15 20 43.8 15 
Mixture density, dcm’  I .  1800849 16 0.7775 I06 I5 0.7370401 82 0.727 I88827 0.720683722 
Pu-239 weight fraction 0.404602095 0.07676 I786 0.023993 105 0.0 I02592 I7 0.0009846 

Carbon ( C )  weight fraction 0.264627575 0.4 10.337838 0.43379 1 I42 0.439895237 0.44401 7409 
Hydrogen (H)weight fraction- . 0.037012652 0.057392703 0.060673045 0.061 526806 0.062 103362 

. Oxygen (0) weight fraction 0.297757678 0.455507677 0.48 1542708 0.4883 1874 0.4928946 
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All variables in equations 5-7’are as described above. Table 6 shows the composition of the Plutonium 
containing spheres. 

The cases for spheres with 150g, ZOOg, 250, and 350g of Pu-239 were studied and based on the calculated 
neutron multiplication factors, the Pu-239 sub-critical mass limit was determined. Tables 5-8 show the 
composition of the spheres used in the models. 

Table 5. The composition of the spheres with 150g of Pu-239. 

Table 6. The composition of the spheres with 200g of Pu-239. 
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Radius of the sphere. cm 5 10 15 
Mixture density, g/.cm' 1.3641 I8883 0.8005 I486 0.743856255 
Pu-239 weight fraction 0.49002383 I 0.104378256 0.033282553 

Carbon (C) weight fraction 0.22666 I457 0.39806356 0.4296624 

Sheet No. 1/12 
Calc. No. BUF-2001-014 
Rev. No. 1 

20 43.8 I5 
0.730064358 0.72095721 1 
0.0 14306332 0.001 37785 
0.438096477 0.443842606 

W 
Job NO 30822-244-330 16860 Job: PSR-6 BV - Fh!c Date fl/k/@{ 
Client WVNS Subiect: cellulose-Pu-239 spheres Chk'd. F-2 Date 313ol0 

, -  I 

Hydrogen (H)weight fraction 1 0.03 1702447 0.055675937 I 0.06009557 0.06 1275219 0.062078912 
, Oxvgen (0) weight fraction I 0.25 16 12265 0.44 1 882247 I 0.476959476 0.48632 1972 0.492700633 

Results 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. Tables 9-12 provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (cs), and Figures 1-4 plot the keff +2 cs values for all studied cases (lSOg, 200g, 250, and 
3 50g). 

Table 9. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 
150 g of PU-239. 

Table 10. The neutron multiplication factor (kerf) values and their standard deviations (8) for the boxes with 
200 g of PU-239. 
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Table 11. The neutron multiplication factor (kef,.) values and their standard deviations (G) for the boxes with 
250 g of Pu-239. 

Table 12. The neutron multiplication factor (keff) values and their standard deviations (cr) for the boxes with 
350 g of Pu-239. .. 

Figure 1. k,, +20 for the boxes with 150 g of Pu-239 , 

1.0 1 7 
. __ . .- .... ._ . /------l 

0 .o 10.0 20.0 30.0 40.0 50 .O 

R, cm 
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Figure 2. k,, +20 for the boxes with 200 g of Pu-239 . 

1 .o 
tu 
aY 
E 0.8 

‘z 0.6 
cv 
+ 0.4 
a= 2 0.2 

0.0 

100% density cellulose 
outside plutonium nixture 

void outside plutonium 
rixture 

0 .o 10.0 20.0 30.0 40.0 50.0 

R, cm 

Figure 3. k,, +20 for the boxes with 250 g of Pu-239. 

1 .o 
c[l 

m 
E 0.8 

’3i 0.6 
cv 
+ 0.4 
e g 0.2 

0 .o 
0 .o 10.0 20.0 30.0 40.0 50.0 

R, cm 

+ 100% density cellulose 
outside plutonium nixturf 

void outside plutonium 
mixture 
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Figure 4. k,, +20 for the boxes with 350 g of Pu-239. 

0.0 t O . 0  20.0 30.0 40.0 50.0 

R, cm 
I I 

The criterion for the Pu-239 mass limit is: 
kef + 20 I k, - A kh - 0, 

Where: 
k,, = neutron multiplication factor predicted by MCNP 
o = standard deviation of predicted k,, 
k,, = 0.95 = established allowable limiting neutron multiplication factor 
d k, = calculation method bias 
0, = bias uncertainty 

The calculation method bias together with bias uncertainty ( A  k, + Oh) is no more than 0.02. Thus the criterion 
(8) can be modified as: 

k,,( + 20 I 0.93 (9) 
Where: 
k,, = neutron multiplication factor predicted by MCNP 
o = standard deviation of predicted kerf 

To determine the Pu-239 mass limit, the maximum values of k,,[ +20 as a function of Pu-239 mass (Table 
13) were approximated with a polynomial equation, which is shown on Figure 5. 

'v 
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- 
Mass of Pu-239, g k C , l  (3 h,,.+ 2iJ 

150 0.81441 0.00 147 0.8174 
200 0.85562 0.00136 0.8583 
250 0.9070 0.00 12 0.9095 
3 3 . 013 

Sheet No. 11/12 
Calc. No. BUF-2001-014 
Rev. No. 1 

Radius of the sphere, cm 5 I O  15 , 

Mixture density, gem' .' 1.2076900 I 1 0.78096 125 1 0.738062593 
Pu-239 weight fraction 0.41 9075023 0.081007975 0.02539746 

Job NO 30822-244-330 16860 Job: PSR-6 Bv Jbc Date @&/k 
Client WVNS Subiect: cellulose-Pu-239 sDheres Chk'd. IQ Date 3 (3 .10  1 

20 43.8 I5 
0.727620 156 0.720724745 
0.0 10868323 0.00 15863 

Table 13. The maximum values of k,, +20 as a function of Pu-239 mass. 

i j  
~ Carbon (C) weight fraction 0.258 195009 0.408450598 0.433 I66969 0.4396245 I7 0.443749958 

Hydrogen (H)weight fraction 0.036 I I2949 0.057 I2874 0.060585744 0.06 I488941 0.062065954 
- O x w e n  (01 weight fraction 0.2866 I70 I9 0.4534 12686 0.480849826 0.48801 82 I8 0.492597787 

Figure 5. The maximum values of k,, +20 as a function of Pu-239 mass. 
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Mass of Pu-239 

y = -1.951E-08x3 + 1.373E05x2 - 2.181E-03X + 9.015E-01 
R2 = 1 .OOOE+OO 

Solving the polynomial equation from Figure 4 determines the Pu-239 mass Iimit as 2658 per box. To check 
this result, another set of MCNP runs was performed. Table 14 shows the composition of the Plutonium 
containing spheres, and Table 15 and Figure 6 show the calculation results for the arrays of boxes with 2658 
of Pu-239. 
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Table 15. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 
265 :: of Pu-239. 

Figure 6. k,, +20 for the boxes with 2658 of Pu-239. 

I I I I 0.0 I I 

I 0.0 10.0 20.0 30.0 40.0 50.0 
! 

R, cm 

0 100% density cellulose 
outside plutonium mixture 

0 void outside plutonium 
mixture 

The k,, +20 values in Table 15 confirm that 2658 of Pu-239 is a sub-critical mass limit for 00 x ~0 x 12 ft 
arrays of 2.875-cubic-foot boxes with Pu-239-cellulose spheres and pure cellulose or void outside the sphere. 
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Attachment 2: MCNP input file 
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3b081 
k e f f ,  2659 o f  Pu-239 i n  c e l l u l o s e  s p h e r e s  i n  2 . 8 7 5  c .  f o o t  o f  p u r e  c e l u l o s e  
C 
C C e l l  cards 
C c _______________________________F________- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

1 0 1 -2 3 -4 5 -6 f i l l = 2  i m p : n = l  $ b o x  w i t h  l a t t i c e  
2 2 - 2 . 3  1 -2 3 -4 -5 7 i m p : n = l  $ C o n c r e t e  f l o o r  
3 0  -1 : 2 : - 3  : 4 : -7 : 6 imp:n=O $ O u t s i d e  w o r l d  

c U n i v e r s e  1 
4 3 -0 .738063 -8  u = l  imp:n=l  $ 1 Pu-239 a n d  c e l l u l o s e  sphere 
5 3 -0.738063 - 9  u = l  imp:n=l S 2 Pu-239 and c e l l u l o s e  sphere 
6 1 -0 .72  8 9  u=l i m p : n = l  $ c e l l u l o s e  

c L a t t i c e  ( 2  spheres w i t h  Pu-239 i n  2 c u b e s  of c e l l u l o s e  matrix) 
7 0 1 0  -11 1 2  -13  1 4  - 1 5  l a t = l  f i l l = l  u=2 i m p : n = l  $ Lat t i ce  c _--_________________--------- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

c Note: n e x t  l i n e  must be completely b l a n k  

c S u r f a c e  cards c _-______--_-________-- - - - - - -_- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -~ 
'1 DX 0 . 0 0 1  

C 

C 

C 

* 2  px 87.631 $ box l e n g t h  ( 2 . 8 7 5  f o o t )  
*3 py 0 . 0 0 1  
*4 py 8 7 . 6 3 1  S box w i d t h  ( 2 . 8 7 5  f o o t )  
5 p z  0 . 0 0 1  
6 p z  3 6 5 . 7 6 1  $ box he ight  ( 1 2  f e e t )  
C More t h n a n  3 5 0 . 5 2 c m  ( 1 1 . 5  f e e t )  - 4 t iers o f  B-25 b o x  height 
C ( 4 ~ 3 4 . 5 "  o r  4 ~ 8 7 . 6 3  c m )  
7 pz -300  S concrete f l o o r  b o u n d a r y  
8 .s 1 5 . 0  1 5 . 0  7 2 . 6 3  1 5 . 0  $ 1st Pu-239 c o n t a i n i n g  s p h e r e  
9 s 1 5 . 0  1 5 . 0  1 0 2 . 6 3  1 5 . 0  $ 2 n d  Pu-239 c o n t a i n i n g  sphere . 
c L a t t i c e  s u r f a s e s :  
1 0  px 0 
11 px 8 7 . 6 3  $ 2 . 8 7 5  f e e t  

C 

1 2  PY 0 
1 3  py 8 7 . 6 3  $ 2 . 8 7 5  f e e t  
1 4  pz 0 
1 5  pz 1 7 5 . 2 6  S 2 x 2 . 8 7 5  f e e t  c _____-__________________________________----------------------------_--- 

c Note:  n e x t  l i n e  m u s t  be completely b l a n k  

c Data c a r d s  

c Materials 

C 

C 

C 
C 
c C e l u l o s e  matrix ( E l e m e n t s :  C ,  H ,  0 )  
ml 6 0 0 0 . 5 0 ~  - 0 . 4 4 4  

1 0 0 1 . 5 0 ~  - 0 . 0 6 2  
8 0 1 6 . 5 0 ~  - 0 . 4 9 3  

c C o n c r e t e  (KENO R e g u l a r  C o n c r e t e  S t a n d a r d  Mix)  f rom Harmon a t  a l .  
c C r i t i c a l i t y  C a l c u l a t i o n  w i t h  MCNP. A P r i m e r .  p .  C-4  
c ( E l e m e n t s :  H ,  0 ,  N a ,  S i ,  A l ,  C a ,  F e )  
m2 1 0 0 1 . 5 o c  -0 .010  

8 0 1 6 . 5 0 ~  - 0 . 5 3 2  
1 1 0 2 3 . 5 0 ~  - 0 . 0 2 9  
1 3 0 2 7 . 5 0 ~  - 0 . 0 3 4  
1 4 0 0 0 . 5 0 ~  - 0 . 3 3 7  
2 0 0 0 0 . 5 0 ~  - 0 . 0 4 4  
2 6 0 0 0 . 5 5 ~  - 0 . 0 1 4  

c Pu-239 and c e l l u l o s e  
m3 9 4 2 3 9 . 5 5 ~  - 0 . 0 2 5 3 9 7 4 6  

6 0 0 0 . 5 0 ~  - 0 . 4 3 3 1 6 6 9 6 9  
1 0 0 1 . 5 0 ~  - 0 . 0 6 0 5 8 5 7 4 4  
R 0 1 6 . 5 0 ~  - 0 . 4 8 0 8 4 9 8 2 6  

C 
mode n 
p r i n t  40 6 0  80  1 0 0  110  1 2 6  
kcode  4000 1. 2 0  1 2 0  
k s r c  1 5 . 0  1 5 . 0  7 2 . 6 3  

1 5 . 0  1 5 . 0  1 0 2 . 6 3  . 
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REV. 0 

Page 1 
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lmcnp version 4a ld=10/01/93 02/14/01 08:19:63 
* *  r*.trr~*****".*.II~~***,.*...~~*~***.~~*.****.*~****..~*~*~~*.*.*,****. 
name=3b08 1 

probid = 02/14/01 08:19:43 

1 -  
2 . .  
3- 
4 -  
5- 
6 -  
7 -  
3-  
9- 

1 0 -  
11- 
12- 
13- 
14- 
15- 
16- 
17-  
18- 
19- 
20- 
3 1 -  _-  77.. 

2 3 -  
-74- 
25- 
16- 
2 7 -  
2 8 -  
2 9 -  
3 0 -  
31- 
32- 
33- 
3 4 -  
35- 
36- 
37- 
3 8 -  
39- 
40- 
41- 
42- 
4 3 -  
44- 
4 5 -  
4 6 -  
4 7 -  
4 8 -  
49- 
5 0 -  
5 1 -  
52- 
53 - 
54- 

i 

k eff, 265g of Pu-239 in cellulose spheres in 2.R75 c. foot of pure celulose 
C 
C Cell cards 
C c _____.__________________________________-------------------------------- 

1 0 1 -2 3 -4 5 - 6  fill=2 imp:n=l $ box with lattice 
2 2 -2.3 1 12 3 - 4  - 5  7 imp:n=l S Concrete floor 
3 0  -1 : 2 : -3 : 4 : -7 : 6 imp:n=O S Outside world 
C.' 
c Univei-se 1 
4 3 -0.738063 -8 u=l imp:n=l $ 1 Pu-233 and cellulose sphere 
5 3 -0.738063 -9 ' u=l imp:n=l $ 2 Pu-239 and cellulose sphere 
6 1 -0.72 8 3  u=l imp:n=l $ cellulose 
C 
c Lattice ( 2  spheres with Pu-239 in 2 cubes of cellulose matrix) 
7 0 1 0  -11 12 -13 1 4  -15 lat=l fill=l u=? imp:n=l $ Lattice 
c ____________-___________________________-------------------------------. 

c Note: next line must be completely blank 

c Surface cards c ______-_________________________________-------------------------------- 

*2  w x  8 7 . 6 3 1  $ box length (2.875 foot) 

C 

*1 px 0.001 

*3 py 0.001 
*4 py 87.631 $ box width (2.875 foot) 
5 pz 0.001 

C More thnan 350.52cm (11.5 feet) - 4 tiers of B-25 box height 
C (4~34.5" or 4~87.63 cm) 
7 pz -300 S concrete floor boundary 
8 s 15.0 15.0 72.63 15.0 $ 1st Pu-239 containing sphere 
9 s 15.0 15.0 102.63 15.0 S 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 87.63 $ 2.875 feet 
12 PY 0 
13 py 87.63 $ 2.875 feet 

6 pz 365.761 $ box height I12 feet1 

C 

14 b z  0 
15 pz 175.26 S 2 x 2.875 feet 

c Data car,ds 
C 
c Materials 
C 
C 
c Celulose matrix (Elements: C, H. 0) 
ml 6000.50~ - 0 . 6 4 4  

1001.50~ - 0 . 0 6 2  
8016.50~ -0.493 



5 5 -  c Concrece (KENO Regular Concrete Standard Mix) from Harmon at a1 
5 6 -  c Criticality Calculation with MCNP. A Primer. p. C-4 
57 - c (Elements; H, 0, Na, Si, Al, Ca, Fe) 
5 8 -  rn2 1001.5OC -0.010 
59 - 8016.50c -0.532 
60- 11073.50~ -0.023 
61- 13027.50C -0,034 
d 2 -  ' 14000.50~ -0,337 
63- 20000.50~ -0.044 
0 4 -  2 6 0 0 0 . 5 5 C  -0,014 
65- c Pu-239 and cellulose 

6000.50~ -0.433166963 
6 6 -  
6 7 -  
6 8 -  ' 1001.50~ -0,060585744 
b9- 8016.50~ -0.480843826 
70- ' C 
71- mode n 
72- p r i n c  40 60 80 100 110 1-76 
7 3 -  kcode 4000 1. 20 120 
74- ksrc 15 .0  15.0 72.63 
75- 15.0 15.0 102.63 
7 6 -  

1 nw t e r i a 1 c ompos i t ion 

m 3  94239.55C -0.02533746 

cotal fission nubar data are being used. 

t i la  sum of the fractions of material 1 was 9.990000E-01 

mat s r  ial 
number componenc nuclide. atom fraction 

1 6000, 0.28588 1001, 0.47576 8016, 0.23837 
1 1001, 0.16803 8016, 0,56324 11023, 0.02136 13027, 0.02134 

14000, 0.20313 20000, 0.01859 26000, 0.00425 
3 94233, 0.00084 6000. 0.28543 1001, 0.47573 8016, 0.23793 

rr.a t er: a 1 
number component nuclide, mass fraction 

1 6000, 0.49444 1001, 0.06206 8016, 0,49349 
2 - 1001. 0.01000 8016, 0.53200 11023, 0.02300 13027, 0.03400 

14000, 0.33700 20000, 0.04400 26000, 0.01400 
3 94239, 0.02590 6000, 0.43317 1001.  0.06059 8016, 0.48085 

warning. 1 of the materials had unnormalized fractions. 
lcells 

atom gram neutron 
cell mat density densicy volume mass pieces importance 

1 1 0 0.00000E+00 0.00000E+00 2.80868Ec06 0.00000E+00 0 1.0000E+00 
. 2  -3 2 8.17913E-02 2.30000E+00 2.303713+06 5.238543+06 0 1.0000E+00 

3 3 0 0.00000Et00 0.00000Et00 0.00000E+00 0.00000E+00 0 0.0000E+00 
4 4 3 5.615748-02 7.38063E-01 1.41372Ec04 1.04341E+04 1 1.0000E+00 
5 5 3 5.61574E-02 7.38063E-01 1.41372E+04 1.04341Et04 1 1.0000E+00 

print table 40 

pr in t  t ab le  60 
z-3 c z  : 01 

0 
0 
P 



6 6 1 5.61219E-02 7.20000E-01 0.00000E+00 0.00000E+00 0 1.0000E+00 
7 7 0 0.00000E+00 0.00000E+00 1.34582E+06 0.00000E+00 0 1.0000E+00 

total 6.486498+06 5.31941E+06 

1 warning message so far. 
lcross-section tables 

table 

1001.5,0c 
6000.50~ 
8016.50~ 
11023.50~ 
13627.50~ 
14000.50c 
20000.50~ 
26000.55~ 
94239.55c 

K@t31 

length 

tables from file critxs 

1153 njoy 
16126 "joy 
23669 njoy 
36270 njoy 
22891 njoy 
48275 njoy 
26104 njoy 
84136 njoy 
67551 njoy 

326175 

print table 100 

warning. neutron energy cutoff is below some cross-section tables 

dtcimal words of dynamically allocated storage 

general 111136 
tallies 0 
bank 12403 
cross sections 326175 

rota1 449714 

. * t , t r * * t * ~ t * r t r . . r * . * , ~ " * * " , . * * . * * * ' ~ + , . ~ * * " * * * * " * ~ ~ " " * " " * , * * ~ ~ * * * . . ~ ~ * ~ * . * " " * * * . , * * ~ , ~ ~ ~ * ~ ~ * . ~ * . * ~ * " " " * ~ * * * * * ~ ~ * * ~ * * * *  

dump no. 1 on file 3b081r nps = 0 COll = 0 ctm = 0.00 nrn = 0 

Source discributron wricten to file 3b081s cycle = 0 

2 warning messages so far. 
1 starting mcrun. field length = 0 cpo = 0.01 

k eff. 265g of Pu-239 in cellulose spheres in 2.875 c. foot of pure celulose 

print table 110 

nps x Y z cell 1atticeli.j.k) surface u V W energy weight time 

1 1.500Et01 1.500E+01 7.263E+01 1 5.085E-01 4.733E-01 7.193E-01 2.2098+00 1.000E+00 0.000E+00 
1.500E+01 1.500E+01 7.263E+01 71 0. 0.  0 )  5.085E-01 4.7333-01 7.193E-01 
1.500E+01 1.500E+01 7.263E+01 4 0 5.085E-01 4,7333-01 7.1938-01 

1.500E+01 1.500E+01 7.263E+01 7( 0, 0, 0 )  8.952E-01 -4.4473-01 -2.944E-02 
2 1.500E+01 1.500E+01 7.263E+Ol 1 8.952E-01 -4.4473-01 -2.944E-02 4.904E+00 1.000E+00 0.000E+00 

total nu 

I 1301) 
'. ( 13061 

( 1276) 
I 1311) 
I 1313) 
[ 1314) 
I 1320) 
( 2 6 0 )  

I 1399) 

79/07/31. 
79/07/31. 

79/06/21. 
79/09/08. 
79/06/21. 
79/06/22. 

05/14/81 

10/21/82 
02/21/R5 

t 



3 

4 

5 

G 

7 

8 

‘1 

10 

I? 

13 

1 3  

1 4  

15 

16 

17 

18 

19 

20 

21 

7.263E+01 
7.263E+01 
7 .263E+01 
7.2636+01 
7.263E+01 
7.263€+01 
7.263€+01 
7.263E+01 
7.263E+01 
7.263Et01 
7.263Et01 
7.263Ec01 
7.263€+01 
7.263Ei01 
7,26381.01 
7.263Ei01 
7.263E+01 
7.263Ei01 
7.263€+01 
7.263E*01 
7.263E+01 
7.263E+01 
7.263E1.01 
7.263Ec01 
7.263E+01 
7.263E+01 
7.2638+01 
7.263Et01 
7.263E+01 
7.263E+01 
7.263Et01 
7,2638+01 
7.263Et01 
7.263E+01 
7.2638+01 
7.263E+01 
7.263Et01 
7.263E+01 
7.263-01 
7,263E+01 
7.263Et01 
7.2638+01 
7.263E+01 
7,263E+01 
7.2638+01 
7.263E+01 
7.263E+01 
7.263E+Ol 
7.263E+01 
7.263E+01 
7.263E+Ol 
7.263&+01 
7.263E+01 
7.2638+01 
7.2633+01 
7.263Ec01 
7.2638+01 
7.263€+01 

4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7L 
4 

0 .  0 .  

0. 0 .  

0, 0.  

0, 0 .  

0. 0 ,  

0. 0,  

0, 0. 

0, 0. 

0. 0. 

0. 0, 

0. 0 .  

0 .  0.  

0.  0 .  

0, 0 ,  

0 .  0.  

0, 0. 

0, 0 ,  

0. 0. 

0 ,  0 .  

0 8.952E-01 -4.447E-01 -2.944E-02 
-6.184E-01 -4.495E-01 6.446E-01 
-6.184E-01 -4.495E-01 6.446E-01 

0 -6.184E-01 -4.4953-01 6.446E-01 
9.710E-01 -5.665E-02 -2.323E-01 
9.710E-01 -5.6653-02 -2.3233-01 

0 9.710E-01 -5.6658-02 -2.323E-01 
5.861E-01 1.4968-01 -7.963E-01 
5.861E-01 1.496E-01 -7,963E-01 

0 5.861E-01 1.496E-01 -7.9633-01 
-6.489E-02 -1.626E-01 9.845E-01 
-6.489E-02 -1.6263-01 9.8458-01 

0 -6,4893-02 -1.626E-01 9.845E-01 
-7.068E-02 3.263E-02 -9.970E-01 
-7.068E-02 3.2638-02 -9.97OE-01 

0 -7.068E-02 3.263E-02 -9.9708-01 
-3.915E-01 4.664E-01 -7.932E-01 
-3.915E-01 4.664E-01 -7.9328-01 

0 -3,9158-01 4.664E-01 -7.931E-01 
-2.368E-01 9.215E-01 -3.079E-01 
-2.368E-01 9.215E-01 -3.079E-01 

0 -2.368E-01 9.215E-01 -3.0798-01 
1.946E-01 -3.2041-01 9.271E-01 
1.946E-01 -3.204E-01 9.271E-01 

0 1.946E-01 -3.204E-01 9.271E-01 
-6.698E-01 -7.177E-01 -1.905E-01 
-6.698E-01 -7.177E-01 -1.905E-01 

0 -6.6983-01 -7.177E-01 -1.905E-01 
-8.3981-01 -4.129E-01 3.524E-01 
-8.398E-01 -4.129E-01 3.524E-01 

0 -8.398E-01 -4.129E-01 3.5248-01 
-1.714E-01 -8,5721-01 4.857E-01 
-1.714E-01 -8.572E-Q1 4.857E-01 

0 -1.714E-01 -8.572E-01 4.8573-01 
-2.4898-01 -5.118E-01 -8.222E-01 
-2.4898-01 -5.118E-01 -8.222E-01 

0 -2.489E-01 -5.118E-01 -8.2228-01 
-2.959E-01 2.119E-01 9.3148-01 
-2.9593-01 2.119E-01 9,3143-01 

0 -2.959E-01 2.119E-01 9.314E-01 
1.395E-01 -9.8298-01 1.202E-01 
1.395E-01 -9.8293-01 1.202E-01 

0 1.3953-01 -9.8298-01 1.202E-01 
6.909E-01 -7.110E-01 1.307E-01 
6.909E-01 -7.110E-01 1.307E-01 

0 6,9093-01 -7.110E-01 1.307E-01 
-6.5803-01 5.320E-01 -5.329E-01 
-6.580E-01 5.320E-01 -5.3293-01 

0 -6.580E-01 5.3208-01 -5.3298-01 
-9.903E-01 -1.380E-01 1.353E-02 
-9.9038-01 -1.380E-01 1.353E-02 

0 -9.903E-01 -1.380E-01 1.353E-02 
7.462E-01 4.859E-01 -4.551E-01 
7.462E-01 4.859E-01 -4.551E-01 

0 7.4628-01 4.859E-01 -4.551E-01 
-1.977E-01 9,7978-01 3.360E-02 
-1.9773-01 9.7971-01 3.3603-02 

0 -1.977E-01 9.797E-01 3.36OE-02 

3.809E-01 

1.331E+00 

1.902E+00 

4.410E-01 

4.750E-01 

4.136E+00 

7.4538-02 

3.128E+00 

1.014E+00 

I .  395E+00 

7.748E-01 

1.101E+00 

1.951E+00 

2.186E+00 

1.865E+00 

1.229E+00 

1.305E+00 

1.000Et00 

3.990E+00 

1.000E+00 

1.000E+00 

l,OOOE+00 

1.000E+00 

1. OOOEtOO 

l.OOOE+OO 

1 ,  OOOEtOO 

1.000E+00 

1.000E+00 

l.OOOE+OO 

l,000E+00 

1.000E+00 

1.000E+00 

l.OOOE+OO 

lIOOOE+OO 

1.000Et00 

1,00OE+00 

1,00OE+00 

1.000E+00 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

0.000E+00 

0.000Et00 

0.000E+00 

0. OOOE+OO 

0 .  O O O E t  00 

O.OOOE+OO 

0.000E+00 

0,00OE+00 

0 .  OOOEt 00 

0 .  OOOE+OO 

0.000E+00 

0.000E+00 

1 
O B  

CI 
VI 

1 
m 
0 
0 
F 



2 2  1.500E+01 
1.500E+01 
1.500E+01 

23 1.500E+01 
1.500E+01 
1.500E+01 

24 1.50OE+01 
1.500E+01 
1.500Et01 

2 5  1.500E+01 
1.500E+01 
1.500E+01 

2 6  1.500Et01 
1.500E+01 
1.50,0E+01 

37 1. S00E+01 
1.500E+01 
1.500E+01 

-78 1.500E+01 
1.500E+01 
1.500E+01 

2 3  1 .'500E+01 
1.500E+01 
1.500E+01 

1 0  1.500E+01 
1.500E+01 
1.5OOE+O1 

31 1.500E+01 
1.500E+01 
1.500E+01 

3 2  1.500E+01 
1.500E+01 
1.500E+01 

3 3  1.500E+01 
1.500E+01 
1.500E+01 

2 4  1.500E+01 
1 .  S00E+01 
1.500Et01 

25 1.500E+01 
1. SOOE+01 
1. SOOE+01 

36 l.SOOE+Ol 
l.SOOE+Ol 
1.500E+01 

37 1.500E+01 
1.500E+01 
1.500Ec01 

38 1.5003+01 
1.500E+01 
1 .SOOE+01 

39 l.SOOE+Ol 
1.500E+01 
1.500E+01 

. 40. 1.500E+01 
1.500E+01 
1.500E+01 

41 1.500Et01 

1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
71 
4 
1 
7 (  
4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
71 
4 
1 
l (  
4 
1 
7 (  
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
7 1  
4 
1 
7 (  
4 
1 
71 
4 
1 
71 
4 
1 

-9.117E-01 -3.6473-01 -1.891E-01 2.665E-01 
-9.117E-01 -3.647E-01 -1.891E-01 

0 -9.117E-01 -3.647E-01 -1.891E-01 
-4.2873-01 8.36lE-01 -3.423E-01 1.156E+00 
-4.2873-01 8.3618-01 -3.423E-01 

0 -4.287E-01 8.361E-01 -3.423E-01 

1.0803-01 3.412E-01 -9.338E-01 
0 1.080E-01 3.4128-01 -9.3381-01 
-9.111E-01 -9.0123-03 -4.1228-01 2.185Et00 
-9.111E-01 -9.0123-03 -4.122E-01 

0 -9.111E-01 -9.012B-03 -4.122E-01 
-2.S68E-01 -6.391E-01 -1.2498-01 4.225E+00 
-2.5688-01 -6.391E-01 -7.2498-01 

0 -2.5686-01 -6.391E-01 -7.249E-01 
-2.912E-01 8.0868-01 5.113E-01 1.079E+00 
-2.9123-01 8.086E-01 5.113E-01 

0 -2.912E-01 8.086E-01 5.113E-01 
1.472E-01 -9.514E-01 '2.105E-01 3.461E+00 
1.472E-01 -9,5143-01 2.705E-01 

0 1.4728-01 -9.514E-01 2.705E-01 
-6.1353-01 -7.6458-01 -1.978E-01 1.8368+00 
-6.135E-01 -7.6453-01 -1.9788-01 

0 -6.135E-01 -1.6453-01 -1.978E-01 
-5.702E-01 5.651E-01 -5.9638-01 4.5563-01 
-5.702E-01 5.6513-01 -5.963E-01 

0 -5.702E-01 5.651E-01 -5.9638-01 
. -6.60lE-01 5.3133-01 -5.242E-01 6.415E-01 
-6.6073-01 5.373E-01 -5.2423-01 

0 -6.607E-01 5.373E-01 -5.242E-01 
-9.142E-02 -3.6393-01 -9.263E-01 2.764€+00 
-9.7423-02 -3.6398-01 -9.263E-01 

0 -9.742E-02 -3,6393-01 -9.263E-01 
-1,9653-01 -3,1453-01 -9.287E-01 2.185E-01 
-1.965E-01 -3.145E-01 -9.28lE-01 

0 -1.9651-01 -3.145E-01 -9.287E-01 
4.097E-01 8.465E-01 -3.399E-01 9.097E-01 
4.097E-01 8.4658-01 -3.3998-01 

0 4.097E-01 8.465E-01 -3.3998-01 
-4.048E-02 8.831E-01 4.6753-01 3.360E-01 
-4.048E-02 8.831E-01 4.675E-01 

0 -4.048E-02 8.831E-01 4.675E-01 
3.3713-01 -9.269E-01 -1.6528-01 6.376E-01 
3.3718-01 -9.2693-01 -1.652E-01 

0 3.3713-01 -9.2698-01 -1.65283-01 
-1.8673-01 9.756E-01 -1.155E-01 2.186Et00 
-1.867E-01 9.75633-01 -1.155E-01 

0 -1.867E-01 9.756E-01 -1.155E-01 
-2.6161-01 2.3363-01 -9.365E-01 7.3148-01 
-2.616E-01 2.336E-01 -9.365E-01 

l.08OE-01 3.412E-01 -9.338E-01 2.669E+00 

o -2.616~-01 2.336341 - Y . ~ E - o ~  
9.7801-01 -7.6418-02 -1.9391-01 2.997E-01 
9.780E-01 -7.641E-02 -1.939E-01 

0 9.780E-01 -1.6418-02 -1.9398-01 
2.58OE-01 -7.016E-01 6.578E-01 1.444E+00 
2.5803-01 -1.0768-01 6.518E-01 

0 2.580E-01 -7.076E-01 6.578E-01 
-3.212E-01 -7.6788-01 -5.543E-01 1.914Et00 



1.500E+01 
1.500E+Ol 

4 2  1.500E+01 
1,. 500Et01 
1.500E+01 

43 1.500Et01 
1.500E+01 
1.500E+01 

44 1.500E+01 
1.500Et01 
I .  500E+01 

4 5  1.500E+01 
1.500Et01" 
1.50bEt01 

46 1.5O,OE+01 
1.500E+01 
1.500E+01 

47 1.500Et01 
1.500E+01 
1.500E+01 

4 8  1.500Et01 
1.500E+01 
1.500E+01 

-19 1.500E+01 
1.50OEtOl 
1.500E+01 

50 1.500E+01 
1.500EcOl 
1.500E+01 

lsstimated keff 

1.500E+01 
1.500Et.01 
1.500E+01 
1.500E+01 
1.50OE+01 
1.500E+01 
1.500E+01 
1,50OE+01 
l,500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
I. 500E+01 
1.500E+01 
1.500E+01 
l,500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1,50OE+01 
results by 

7.263E+01 
7.263E+01 
7.263E+01 
7.263Et01 
7.2633+01 
7.263E.01 
7.2638+01 
7.263E+01 
7,2633+01 
7.263Ec01 
7.263E+01 
7.263E+01 
7.263E.01 
7.263Ec01 
.7,2633+01 
7.263Et01 
7.263E+01 
7.263E+01 
7.263E+01 
7.2638+01 
7.263&+01 
7.263Et01 
7.263E+OI 
7.2638.01 
7.263Ec01 
7.263E+01 
7.263E+01 
7.263E+01 
7.2638+01 
cycle 

7( 
4 
1 
7( 
4 
1- 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 

scurce distribution written to file 3b081s 

s u u l - c e  distribution written to file 3bORls 

suurce distribution written to file 3b081s 

source distribution written to file 3b081s 

Source distribution written to file 3b081s 

source distribution written to file 3b081s 

smrce distribuiion written to file 3b081s 

source discribution written to file 3b08ls 

0. 0. 0) 

0. 0. 01 

0, 0. 0) 

0, 0. 0) 

0. 0.  0) 

0, 0. 0) 

0 ,  0 .  0) 

0, 0. 0 )  

0, 0. 0) 

0, 0. 0)  

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

-3.212E-01 -7.678E-01 -5.543E-01 
0 -3.212E-01 -7.678E-01 -5.5433-01 

5.039E-01 -1.460E-01 8.5133-01 
5.039E-01 -1.460E-01 9.513E-01 

0 5.039E-01 -1.460E-01 8.513E-01 
6.080E-01 5.487E-01 5.738E-01 
6.080E-01 5.487E-01 5.738E-01 

0 6.080E-01 5.4873-01 5.7383-01 
-2.932E-01 9.3043-01 -2.1993-01 
-2.932E-01 9.304E-01 -2.199E-01 

0 -2.9323-01 9.304E-01 -2.1993-01 
-8.475E-01 -3.993E-01 -3.497E-01 
-8.4758-01 -3.993E-01 -3.4978-01 

0 -8.475E-01 -3.993E-01 -3.4973501 
1.200E-01 -9.195E-01 -3.743EI01 
1.200E-01 -9.195E-'01 -3.743E-01 

0 1.200E-01 -9.195E-01 -3.7438-01 
7.0853-01 5.8793-01 3.9043-01 
7.085E-01 5.879E-01 3.904E-01 

0 7.085E-01 5.879E-01 3.904E-01 
4.2613-01 9.0463-01 9.254E-03 
4.261E-01 9.046E-01 9.254E-03 

0 4.261E-01 9.046E-01 9.254E-03 
5.431E-01 4.270E-01 -7.2308-01 
5,4313-01 4.270E-01 -7.23OE-01 

0 5.4313-01 4.270E-01 -7.2303-01 
-1.053E-01 -9.805E-01 1.6581-01 
-1.053E-01 -9.8053-01 1.6583-01 

0 -1.053E-01 -9.805E-01 1.658E-01 

20 

23 

26 

29 

32 

35 

38 

41 

1.502E+00 

5.971E+00 

1.827Et00 

1,92BE+00 

1.351E+00 

2.288Ec00 

1.230E+00 

1.433E+00 

6,5723-01 

print 

1.000Et00 0.000E+00 

1.000Et00 O.OOOE+OO 

l.OOOE+OO O.OOOE+OO 

1.000E+00 0.000E+00 

1.000Ec00 O.OOOE+OO 

l.OOOE+OO 0.000E+00 

1.000E+00 0 . 0 0 0 E + 0 0  

l.OOOE+OO O.OOOE+OO 

l.OOOE+OO 0.000E+00 

table 175 

source distribution written to file 3b081s cycle = 44 

source discri,buKion written to file 3b081s cycle = 47 

Source distribution written to file 3b081s cycle = 50 

source distribution written KO file 3b081s cycle = 5 3  



source distribution written to file 3b08ls cycle = 56 

source distribution written to file 3b081s cycle = 59 

source distribution written to file 3b081s cycle = 62 

sourco distribution written to file 3b081s 

source distribution written to file 3bO8ls 

source distripution written to file 3b081s 

source distribution written to file 3b081s 

source distribution written to file 3b081s 

source distribution written to file 3b081s 

.I. t*.-..t***,t*ttt..**.*..~.....~~”..*.**~.*~.~*. 

dump no. 3 on fila 3b081r nps = 321952 

huurce distribution written t@ file 3b081s 

sourc~ distribution written to file 3b081s 

sairce distribution written to file 3bO8ls 

source distribution written to f i l e  3b081s 

source distribution written to file 3b081s 

source distribution written to file 3b081s 

estimator cycle 100 ave of 80 cycles 
k~collisionl 0.924849 0.924256 0.0021 
k(absorption) 0.910291 0.921784 0.0015 
k(trk length) 0,928233 0.924887 0.0021 
rem life(co1) 2.7718E+Od 2.7508E+04 0.0025 
rem lifetabs) 2.7603E+04 2.75013+04 0.0025 
source points generated 4016 

source distribu‘tion written to file 3b081s 

source distribution written to file 3b081s 

source distribution written to file 310081s 

SOurce distribution written to file 3b08ls 

source distribution written to file 3b081s 

estimator cycle 116 ave of 96 cycles 
k(collision1 0.958276 0.921359 0.0022 
klabsorption) 0,922611 0.920456 0.0015 
k(trk length) 0,956920 0.922100 0.0022 
rem lifetcol) 2.93843+04 2.75223+04 0.0025 

cycle = 65 

cycle = 68 

cycle = 71 

cycle = 14 

cycle = 11 

cycle = 80 

.++.*..*... t t t t . ~ * ) ~ . . ~ * * ~ ~ * . ~ . . ” ~ ~ ~ ~ , . - - . ~ ‘ . ~ . * ~ . ~ ~ ~ * * . * ~ * * * ~ ~ * * * * ~ *  

coll = 45459761 ctm = 30.01 nrn = 782692945 

cycle = 83 

cycle = 86 

cycle = A9 

cycle = 92 

cycle = 95 

cycle = 98 

combination simple average combined average corr 
k(col/abs) 0.923020 0.0016 0.922090 0.0015 0.5639 
ktabs/tk In) 0,923336 0.0016 0.922258 0.0015 0.5136 
kltk ln/col) 0.924572 0.0021 0.924524 0.0021 0.9563 
k(col/abs/tk In) 0.923643 0.0017 0,922333 0.0015 
life(col/abs) 2.7505Et04 0.0025 2.7502&+04 0.0025 0.9670 

cycle = 101 

cycle = 104 

cycle = 107 

cycle = 110 

cycle = 1!3 

combination simple average combined average corr 
k(col/abs) 0.920907 0.0017 0.920523 0.0015 0.6066 
k(abs/tk In) 0.921278 0.0017 0.920639 0.0015 0.5621 
krtk ln/col) 0.921730 0.0022 0.921730 0.0022 0.9698 
k(col/abs/tk In) 0.921305 0.0018 0.920893 0.0015 

i 



c 

rom Lifelabs1 2.9329E+04 2.7527E+04 0.0024 
source points generated 4109 

suurce distribution written to file 313081s 

estirnator cycle 117 ave of 97 cycles 
k(co1lision) 0.924688 0.921393 0.0022 
klabsorption) 0,918105 0.920432 0.0015 
kltrk lengthl 0,921022 0.922089 0.0022 
rem life(coll 2.7?24E+04 2.7519E+04 0.0025 
rem lifelabsl 2.74388+04 2.75263+04 0.0024 
SOUL'CP points generated 3844 

estimator cycle 118 ave of 98 cycles 
klcollisionl 0.923595 0.921416 0.0022 
k(absorption1 0.913078 0.920357 0.0015 
k(trk length) 0.923437 0.922103 0.0022 
r e m  lifelcol) 2.7870Et04 2.75233+04 0.0025 
rem lifelabs) 2.7867E+04 2.75306+04 0.0024 
L;OII~CC points generated 3980 

estimator cycle 119 ave of 99 cycles 
k (collision) o. 909197 0.921282 0.0022 
%(absorption) 0.906750 0.920219 0.0015 
klcrk lengthl 0,912640 0.922007 0.0022 
ran life(co1) 2.7446E+04 2.7522E+04 0.0024 
rem lifelabsl 2.7424Et04 2.7529E+04 0.0024 
source points  generated 4064 

source distribution written to fiie 3b081s 

estimator cycle 120 ave of 100 cycles 
klcollision) 0.930271 0.921372 0.0021 
k(absorption) 0.916458 0.920182 0.0015 
k(trk lengthl 0.929810 0.922085 0.0021 
r m  life(col1 2.7367E+O4 2.7520E+04 0.0024 
rem lifelabsl 2.7371E+04 2.75278+04 0.0023 
source points generated 4137 

Siiurce distribution written to file 3b081s 
lproblem summary 

1 i f e I col /abs I 

cycle = 116 

combination 
k(col/abs) 
k(abs/tk In1 
kltk ln/coll 
klcol/abs/tk In1 
lifelcollabsl 

combinat ion 
k(col/absl 
k(abs/tk In! 
k(tk ln/coll 
klcol/abs/tk In1 
life(col/abs) 

coinbinat ion 
klcol/absl 
klabs/tk In1 
kltk ln/col) 
k(col/abs/tk In) 
life (col/abs) 

cycle = 119 

combination 
k(col/abs) 
k(abs/tk lnl 
k(tk ln/coll 
k(col/abs/tk In) 
lifelcol/abs) 

cycle = 120 

2.75253+04 0,0025 

simple average 
0.920913 0.0017 
0.921261 0.0016 
0.921741 0,0022 
0.921305 0.0018 

2.7523Ec04 0,0024 

simple average 
0.920886 0.0016 
0.921230 0,0016 
0.921759 0 . 0 0 2 2  
0.921292 0.0018 

2.7526E+04 0,0024 

simple average 
0.920751 0.0016 
0.921113 0.0016 
0.921645 0,0021 
0.921170 0.0018 

2.7525E+04 0.0024 

simple average 
0.920777 0.0016 
0.921134 0,0016 
0.921729 0 , 0 0 2 1  
0.921213 0.0017 

2.75248+04 0.0024 

run t.ermin.ated when 

k eff, 2659 of Pu-239 in cellulose spheres in 3.875 c. €oot of pure celulose 

120 kcode cycles were done 

0 
neutron creation cracks weight energy neutron loss 

(per source particle) 

souxce 480785 9.98378-01 2.1100E+00 escape 
energy cutoff 
time cutoff 

wcight window 0 0. 0. weight window 
cell importance 0 0. 0. cell importance 
weight cutoff 0 1.0020E-01 4.1187E-08 weight cutoff 
energy importance 0 0. 0. energy importance 
d.: t ran 0 0. 0. dxtran 
forcad collisions 0 0. 0. forced collisions 

2.7528E+04 0.0024 

combined average 
0.920504 0.0015 
0.920617 0.0015 
0.921743 0.0022 
0.920846 0.0015 

2.7527Et04 0.0024 

cpmbined average 
0.920439 0.0015 
0.920555 0.0015 
0.921762 0.0022 
0.920775 0.0015 

2.7531Er04 0.0024 

combined average 
0.920302 0.0015 
0.920426 0.0015 
0.921660 0.0022 
0.920671 0.0015 

2.75308+04 0.0024 

combined average 
0.920276 0.0015 
0.920404 0.0015 
0.921747 0.0022 
0.920638 0.0015 

2.7528Et04 0.0023 

0.9720 

corr 
0.6061 
0.5621 
0.9695 

0.9716 

corr 
0.6045 
0,5608 
0.9695 

0.9717 

corr 
0.6069 
0.5622 
0.9694 

0.9717 

corr 
0,6047 
0.5604 
0.9695 

0.9717 

02/14/01 09:03:50 
probid = 02/14/01 08:19:43 

tracks weight energy 
(per source particle) 

0 0 .  0 .  
0 0 .  0 .  
0 0 .  0. 
0 0. 0. 
0 0. 0. 

0 0 .  0 .  
0 0. 0. 
0 0. 0. 

480787 1.0003E-01 4.02443-08 

1 
0 2  

0 
u, 
m 
0 
0 
I--L 



exp. transform 0 0. 0. exp. transform 0 0. 0. 
upscattering 0 0. 7.14518-07 downsca ttering 0 0. 2.0884E+00 

capture 0 6.8051E-01 1.9562E-02 
In.xn) 4 5.4593E-06 5.38063-06 loss to (n,xn) . 2 2.72971-06 2.4931E-05 
E i s s i 01 i 0 0. 0. loss to fission 0 3.18036-01 2.0546E-03 

total 480789 -1.0986Et00 2.1100Et00 total 480789 1.0986EtOO 2.1100E+00 

number of neutrons banked 2 average lifetime, shakes cutoffs 
neutron tracks per source particle 1.0000E+00 escape 0.0000E+00 tco 1.0000E+34 

capture 2.7511Et04 eco O.OOOOE+OO neutron collisions per source particle 1.38623+02 
total neutron collisions 66648699 
net multipljcation 

capture or escape 2.75118+04 wcl -5.0000E-01 
1.0000E+00 0.0000 any termination 3.3792Et04 W C ~  -2.5000E-01 

computer time so far in this run 44.13 minutes maximum number ever in bank . 1 

0 source particles per minute 1.0898Et04 field length. 
random numbers generated 1147470272 most random numbers used was 26804 in history 464027 

computer time in mcrun 44.12 minutes bank overflows to backup file 0 

ranya of sampled source weights = 9.1470E-01 to 1.1283Et00 
Ineatron activity in each cell 

tracks population collisions collisions number 

(per history1 energy 
cell entering - weight weighted 

1 1 0 0 0 0.0000E+00 0.0000E+00 
2 2  2951 1228 73954 6.7115E-02 3.3398E-05 
4 4 627864 286801 4973837 8.57603+00 3.40783-04 
5 5 631689 288809 5029814 8.6760EtOO 3.41648-04 
6 6 1008993 434442 56571094 6.5999E+01 4.8954E-05 
7 7 0 0 0 0.0000Et00 0.0000E+00 

total 2271497 1011280 66648699 8.3318E+01 
lkeff results for: k eff, 265g of Pu-239 in cellulose spheres in 2.875 c. foot C 

print table 126 

flux average average 
weighted track weight track mfp 
energy (relative1 (cm) 

0.0000E+OO 0.0000E+00 0.0000E+00 
2.1451E-01 4.5689E-01 2.00371+00 
7.31471-01 8,92863-01 3.38108+00 
7.3285E-01 8.9304E-01 3.3854E+00 
2.61951-01 6,04788-01 1.9715Et00 
0.0000E+OO 0.0000E+00 0.0000E+00 

)f pure celulose probid = 02/14/01 08:19:43 

the initial fission neutron source distribution used the 2 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 2 0  cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 

400687 neutron histories. this problem has run 2 0  inactive cycles with 80098 neutron histories and 100 active cycles with 

this calculation has completed the requested number of keff cycles using a total of 480785 fission neutron source histories. 
all cells with fissionable material were sampled and had fission neutron source points. 

the results of the w test for normality applied to the individual collision. absorption, and track-length keff cycle values are: 

the k( collision) cycle values appear normally distributed at the 95 percent confidence level 
the k(absorption) cycle values appear normally distributed at the 95 percent confidence level 
che k(trk lepgth) cycle values appear normally distributed at the 99 percent confidence level, but not at 95 percent 

I 

I I 
I 

1 the final estimated combined collision/absorption/track-length keff '= 0.92064 with an estimated standard deviation of 0.00134 

I the estimated 68. 95. & 99 percent keff confidence intervals are 0.91930 to 0.92198. 0.91797 to 0.92331, and 0.91710 to 0.92418 

I 
I I 

0 
0 
I--I 



1 the estimated collision/absorption neutron removal lifetime = 2.75E-04 seconds with an estimated standard deviation of 6.44E-07 I 
I i 
_ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  

the estimated average keffs, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

keff estimator keff standard deviation 68% confidence 95% confidence 99% confidence corr 

collision 0.92137 0.00197 0.91940 to 0,92334 0.91745 to 0,92529 0.91617 to 0.92657 
absorption 0.92016 0.00134 0,91884 to 0.92152 0.91752 to 0.92285 0.91665 to 0,92372 

track length 0,92209 0.00197 0,92012 to 0.92405 0.91817 to 0.92600 0.91689 to 0.92728 
col'/absorp 0.92028 0.00134 0,91893 to 0.92162 0.91760 to 0.92295 0.91673 to 0,92382 0.6047 

' absltrk len 0.92040 0.00134 0,91906 to 0.92174 0.91774 to 0,92307 0.91686 to 0,92394 0.5604 
colltrk len 0.92175 0.00198 0,91976 to 0.92373 0.91780 to 0:92570 0,91651 to 0,92699 0.9695 

col/abs/crk len 0.92064 0.00134 0,91930 to 0.92198 0,91797 to 0.92331 0,91710 to 0.92418 

i t  the lar,]est of each keff occurred on the next cycle, the keff results and 68, 95, and 99 percent confidence intervals would be: 

keff estimator keff standard deviatiom 6 8 %  confidence 95% confidence 99% confidence 

collision 0,92191 0.00202 0.91989 to 0.92394 0.91788 to 0.92595 0.91657 to 0.92726 
absorption 0.92048 0.00136 0.91912 to 0.92184 0.91778 to 0.92319 0.91689 to 0.92407 

track length 0.92258 0.00201 0.92057 to 0.92460 0.91858 to 0.92659 0.91728 to 0.92789 
col/abs/trk len 0.92093 0.00136 0,91957 to 0.92229 0.91822 to 0,92364 0.91734 to 0.92453 

the estimated collision/absorption neutron lifetimes, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

95% confidence 99% confidence rype lifetimelsec) standard deviation 68% confidence 

remova 1 2.75288-04 6.4423E-07 2.7464E-04 to 2.75938-04 2.7400E-04 to 2.7657E-04 2.7358E-04 to 2.7698E-04 
captui-e 2.75236-04 5.6877E-07 2.7466E-04 to 2.7580E-04 2.7410E-04 t o  2.7636E-04 2.7373E-04 to 2.7673E-04 
fission 1.43588-04 3,0332E-07 1.4328E-04 to 1.4388E-04 1,42983-04 to 1.4418E-04 1.4278E-04 to 1.4438E-04 
escape 0.0000E+00 O.OOOOE+OO 0.0000E+00 to 0.0000E+OO 0.0000E+00 to 0.0000Et00 0.0000E+00 to 0.0000E+00 

laverage i n d i v i d u a l  and combined collision/absorption/track-length keff results for 7 different batch sizes 

cycles per number of average keff estimators and deviations 
keff batch k batches k(co1) st dev klabs) st dev kltrk) st dev 

1 100 I 0.9214 0,0020 0.9202 0.0013 0,9221 0.0020 
2 50 I 0.9214 0.0022 0.9202 0.0014 0.9221 0.0021 

5 0:9214 0.0025 0.9202 0.0013 0.9221 0.0024 
10 ;E I 0.9214 0.0028 0.9202 0.0015 0.9221 0.0028 

2 5  4 I 0.9214 0.0041 0.9202 0,0023 0.9221 0.0041 

4 '25 I 0.9214 0.0024 0.9202 0,0014 0.9221 0.0024 

20 5 I 0.9214 0.0029 0.9202 o.oo20 0.9221 0.0028 

lindividual and average keff estimator results by cycle 

kef f neutron 
cycle histories 

1 4000 
2 4233 
3 3545 
4 3943 
5 4082 

keff estimators bv cvcle averaqe keff 
k(coll1 k(abs1 kitrickj 

1.04029 1.03890 1.03884 

0.90147 0.89954 0.91046 
0.92145 0,91281 0.91654 
0.90414 0.93272 0.90312 

0.91483 a.90581 0.92076 

normality average k(c/a/t) k(c/a/t) confidence intervals 
co/ab/trk k(c/a/t) st dev 95% confidence 99% confidence 

95/95/991 0.92064 0.00134 0.91797-0.92331 0.91710-0.92416 
95/95/95 0.92053 0.00143 0.91766-0.92341 0.91669-0.92437 
95195/95/ 0.92014 0.00144 0.91715-0.92312 0.91608-0.92419 
95/95/951 0.92012 0.00149 0.91697-0.92327 0.91580-0.92444 
95/95/95( 0.92005 0.00192 0.91550-0.92460 0.91331-0.92678 
no/95/99 0.92843 0.00671 0.69956-0.95729 0.86184-0.99501 
95/95/951 0.91965 0.00796 0,81850-1.02079 0.41304-1.42625 

estimators and deviations averaae k(c/a/t) 
k(coll1 st-dev k(abs) s t  dev kltrack) st dev klc/a/tj s t  dev fom 1 o z  

c1 
v, 
W 
1 
0 
0 
P 



21 3839 1 0.93199 0.92604 0.92970 
22 4180 I 0.92407 0.92129 0.92786 I 0.92803 0.00396 0.92366 0.00237 0.92878 0.00092 I 

0,92542 0.00297 0.92031 0.00192 0.92638 0,00339 
0.92616 0,00293 0,92096 0.00194 0.92653 0.00324 
0.92565 0.00284 0.91989 0.00214 0.92631 0.00310 
0.92618 0.00277 0.92079 0.00224 0.92674 0.00300 
0.92638 0.00267 0.92151 0.00227 0.92683 0.00288 
0.92533 0,00277 0.92097 0.00224 0.92623 0,00283 
0.92421 0.00289 0.92013 0.00232 0.92491 0.00303 
0.92455 0.00280 0.91958 0.00230 0.92558 0,00299 
0.92401 0.00276 0.92033 0.00239 0.92511 0,00293 

23 3916 
24 4000 
25 3973 
26 3925 
27 3911 
28 4141 
29 3859 
30 4096 

0.92091 0.00218 23190 
0.92157 0.00220 21644 
0.92113 0.00239 17523 
0.92222 0.00244 16220 
0.92304 0.00237 16450 
0.92292 0.00231 16672 
0.92112 0.00246 14147 
0.92110 0.00242 14049 
0,92192 0.00230 15068 

0.93361 
0.94774 
0.92491 
0.91873 
0.93707 
0.90447 
0.93531 
0.92657 

0.92553 
0.91567 
0.91707 
0.90705 
0.93166 
0.91331 
0.92667 
0.92944 

0.92959 
0.94483 
0.92846 
0.92745 
0.93940 
0.90713 
0.94351 
0.93115 

0.92989 0.00295 1 0.93435 0.00492 
1 0.93246 0.00426 
1 0.93018 0.00416 
I 0.93116 0.00365 
I 0.92782 0.00460 
I 0.92866 0.00414 
1 0.92845 0.00371 

0.92429 0.00150 
0.92213 0.00240 
0.92112 0.00212 
0.91877 0.00291 
0.92062 0,00307 
0.91970 0.00261 
0.92048 0.00260 
0.92137 0.00249 

0.92905 0.00060 
0.93299 0.00397 
0.93209 0.00320 
0.93131 0.00273 
0.93247 0.00258 
0.92930 0.00388 
0.93088 0.00377 
0.93091 0.00337 

31 3949 
32 3873 
33 4044 
34 4018 
35 4017 
36 3814 
37 4142 
38 3985 
39 4031 
40 3770 

41 4030 I 0.94540 0.92847 0.95177 
42 4189 I 0.94177 0.93465 0.92964 
43 4066 0.91441 0.89640 0.92150 
44 3817 I 0.93826 0.94155 0.93673 
45 4023 1 0.93116 0.93876 0.92886 
46 4057 1 0.89918 0.90730 0.91114 
47 3903 1 0.89518 0.89835 0.89064 
48 3952 1 0.93359 0.90473 0.94365 
49 4122 I 0.90903 0.94136 0.91201 
50 3844 I 0.95620 0.93249 0.95075 

0.95134 0.93170 0.95192 
0.90753 0.90415 0.30803 
0.94247 0.93206 0.94376 
0.92378 0.92481 0,92660 
0.91978 0.92051 0.91826 
0.93518 0.92311 0.93746 
0.93817 0.90811 0.93393 
0.88951 0.91530 0.88450 

-_--__________.____---------------------------- 

51 4296 
52 4011 
53 3704 
54 4113 
55 3962 
56 4040 
57 4034 
58 3986 

0.91916 
0.93276 
0.92591 
0.92448 
0.90226 
0.92307 
0.92833 
0.94195 
0.89775 
0.90825 

0.90950 
0.92152 
0.93524 
0.92469 
0.90636 
0.90374 
0.91740 
0.92782 
0.92131 
0.91667 

0.92351 
0.92313 
0.92852 
0.92129 
0.90245 
0.92493 
0.92938 
0.94811 
0.89561 
0.89621 

0.92760 0.00346 
0.92803 0.00319 
0.92787 0.00294 
0.92763 0.00273 
0.92594 0.00305 
0.92576 0.00266 
0.92591 0.00269 
0.92680 0.00269 
0.92527 0.00297 
0,92442 0.00294 

0.92029 0.00250 
0.92040 0.00228 
0.92154 0.00239 
0.92176 0.00223 
0.92074 0.00231 
0.91967 0.00241 
0.91954 0,00227 
0.92000 0.00219 
0.92007 0.00207 
0.91990 0.00197 

0.93023 0.00312 
0.92964 0,00291 
0.92956 0.00268 
0.92897 0.00255 
0.92720 0.00296 
0.92706 0.00277 
0.92719 0.00261 
0.92836 0.00272 
0.92663 0.00310 
0.92511 0.00331 

1621495 
488854 
246021 
27442 
22035 
15097 
15435 - - - - - - - 

0.92593 0.00290 
0.92536 0.00267 
0.92588 0.00263 
0.92581 0.00275 
0.92564 0.00267 
0.92591 0.00261 
0.92624 0.00256 
0.92527 0.00267 

0.92109 0.00225 
0.92056 0.00224 
0.92091 0.00220 
0.92102 0.00214 
0.92101 0.00208 
0.92107 0.00202 
0.92072 0.00199 
0.92057 0.00195 

0.92680 0.00298 
0.92621 0.00294 
0.92675 0.00290 
0.92674 0.00281 
0.92650 0.00274 
0.92680 0.00268 
0.92700 0.00262 
0.92588 0.00278 

0.92578 0.00060 
0.92533 0.00098 
0.92541 0.00126 
0.92811 0.00352 
0.92339 0.00364 
0.92317 0.00416 
0.92447 0.00367 



i c 

59 3912 I 0 . 8 9 1 8 6  0 , 9 0 4 0 4  0 .89358 1 0.92442 0 .00274 0 .92015 0.00194 0 .92505 0 .00283 I 0 . 9 2 1 0 1  0 , 0 0 2 0 1  14613 
60 3953 1 0 .90822 0 , 9 2 4 5 5  0 .90482 1 0 .92401 0 .00270 0 .92026 0 .00190 0 .92454 0 . 0 0 2 8 1  I 0 . 9 2 1 0 1  0.00194 15368 

0.92355 0 .00267 
0 .92357 0 . 0 0 2 6 1  
0 .92360 0 .00255 
0.92380 0 .00250 
0 .92351 0.00246 
0.92349 0 . 0 0 2 4 1  
0 .92331 0.00236 
0 .92311 0 .00232 

0.92013 0 .00185 
0 .91991 0.00182 
0 .92009 0.00179 
0.92043 0 .00178 
0 . 9 2 0 1 1  0.00177 
0.92028 0 .00174 
0.91994 0 . 0 0 1 7 4  
0.92010 0 .00171 
0 .92014 0 .00168 
0 ,91980 0 .00168 

0 .92417 0 ,00276 
0 .92432 0.00270 
0 .92409 0 .00265 
0 .92431 0.00259 
0 .92416 0.00254 
0 . 9 2 4 1 1  0.00248 
0.92405 0.00243 
0 . 9 2 3 9 1  0.00238 
0.92373 0.00234 
0 .92305 0,00239 

1 5 7 9 1  
15913 
16507 
16348 
16265 
1 6 6 6 1  
16479 
1 6 8 7 1  
17306 
16552 

. - - - - - - - 

6 1  4122 
62 3954 
63  4073 
64 3900 
65 4036 
66 3966 
67 4052 
68 4010 
69 $037 
7 0  , '4009 

_ - - _ _ _ _ - - _ _ _ _ - - - _ _  

0 . 9 0 5 2 6  
0 .92429 
0 . 9 2 4 6 9  
0 .93238 
0 . 9 1 0 7 7  
0 . 9 2 2 5 6  
0 .91498.  
0 . 9 1 3 8 3  
0 .91134 
0 .89419 

_ - -  - _ _ - _ -  

0 . 9 1 5 1 0  
0 . 9 1 0 5 5  
0 . 9 2 7 8 1  
0 . 9 3 5 2 6  
0 . 9 0 5 6 9  
0 . 9 2 8 2 5  
0 . 9 0 4 1 0  
0 . 9 2 7 6 2  
0 . 9 2 2 0 1  
0 . 9 0 3 1 5  

0 . 9 4 2 0 7  
0 . 9 1 7 3 8  
0 . 9 0 4 0 4  
0 . 9 3 5 8 0  
0 , 9 3 4 8 1  
0 . 9 3 1 8 9  
0 .92033 
0 . 9 1 6 2 0  
0 .92212 
0 . 8 9 9 0 2  

. - - - - - - - - - 

0.90939 
0 .93016 
0.91453 
0 . 9 3 3 6 5  
0.91777 
0 .92160 
0 .92129 
0.91743 
0.91505 
0.88994 

0 .96273 
0.92660 
0 . 9 3 9 6 1  
0 .94577 
0 .92893 
0 . 9 6 2 1 1  
0 .90406 
0 . 9 4 7 3 3  
0.93302 
0 . 9 0 4 1 9  

0.90862 
0 .94969 
0 . 9 3 4 8 1  
0 .91589 
0.92516 
0.93188 
0 . 8 9 7 0 1  
0 . 9 2 3 2 8  
0 .97249 
0 . 9 3 6 2 1  

- - - - - - - - 

_ _ _ _ - _ - _ _ -  

1 0 .92085 0.00189 
0 . 9 2 0 7 5  0 .00186 
0 .92080 0 .00180 i 0.92117 0.00179 

I 0 .92094 0 .00178 
I 0.92109 0 .00174 
I 0.92090 0 .00173 
1 0.92106 0 .00169 
I 0 .92108 0 .00165 
I 0.92054 0 , 0 0 1 6 7  

0 .92287 0 . 0 0 2 2 8  
0.92229 0 , 0 0 2 3 1  

_ _ _ _ _ _ _ _ _ _ _ _ - - - _ - _  
7 1  
72 
73 
7 4  
75  
76  
77 
78  
79  
80 

3R90 I 0 .95980 
4318 I 0 .93392 
3924 1 0 .94188 
4024 I 0 .93817 
3993 1 0 .92715 
3975 1 0.96632 
4203 1 0 .90006 
3820 I 0 . 9 4 7 8 1  
4225 I 0.93362 
3909 I 0 .90384 

I 0.92303 0 .00238 
I 0 .92324 0 .00234 
1 0 .92359 0 .00233 
1 0.92386 0 .00230 
I 0 .92392 0 .00226 

0 .92468 0 . 0 0 2 3 4  
I 0.92425 0 ,00234 

0.92465 0 . 0 0 2 3 4  I 0 .92480 0.00230 
1 0 .92445 0 . 0 0 2 2 9  

0 .92023 0 .00170 
0.92018 0 .00167 
0 .91988 0 ,00167 
0.92017 0 .00166 
0 .92044 0 .00165 
0 . 9 2 0 6 4  0,00163 
0.92064 0 . 0 0 1 6 1  
0 .92056 0 .00158 
0 .92059 0.00155 
0 .92023 0.00157 

0 .92016 0.00154 
0.92049 0 .00155 
0 .92079 0 .00156 
0.92072 0 .00153 
0 .92106 0.00155 
0.92114 0.00153 
0 .92101 0 .00151 
0 .92093 0.00149 
0 .92135 0.00152 
0 . 9 2 1 3 1  0 .00150 

_ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _  

0.92092 0 .00172 
0.92083 0 .00169 
0 . 9 2 0 7 1  0 . 0 0 1 6 9  
0 . 9 2 1 0 1  0 .00170 
0.92129 0 .00168 
0 .92144 0 .00169 
0 .92138 0 .00165 
0 .92137 0 ,00163 
0 .92140 0 ,00160 
0 .92105 0.00162 

0.92094 0 ,00159 
0.92124 0.00162 
0.92155 0 .00162 
0 .92147 0.00159 
0.92186 0.00159 
0.92194 0.00156 
0.92169 0 .00154 
0 .92163 0.00153 
0 .92197 0.00158 
0.92196 0 ,00156 

_- -__-__-- - - -_- - - -  

15256 
15468 
15223 
14791 
14837 
14524 
14948 
15046 
15238 
14618 

14910 
14266 
14029 
14257 
14185 
14366 
14495 
14632 
1 3 4 8 1  
13593 

_ _ _ _ _ _  

0 . 9 2 3 8 3 '  0.00247 I 
0.92388 0.00242 I 
0.92418 0 ,00240 
0.92458 0 ,00238 
0 .92466 0,00234 
0 .92533 0 ,00240 
0 .92495 0 ,00238 1 
0 .92534 0,00237 1 
0 .92547 0 ,00234 I 
0.92512 0.00232 1 
0 .92484 0.00230 
0.92525 0 .00230 I 
0.92540 0 .00227 I 
0.92525 0 .00224 
0 .92525 0.00220 I 
0.92535 0 .00217 ] 
0 .92492 0 .00218 
0 .92490 0 .00215 1 
0 .92559 0.00223 1 
0 .92574 0 .00220 1 

8 1  
R2 
83 
84 
85 
8 6  
87 
8 8  
89 
90  

3867 
4050 
4206 
4012 
3907 
4078 
4110 
3 921 
4112 
4260 

0 . 9 0 6 5 4  
0 . 9 1 1 9 0  
0 .92933 
0 .91706 
0 . 9 2 7 5 1  
0 .93413 
0 .90073 
0 . 9 1 6 3 7  
0 . 9 7 6 1 8  
0 .93637 

0 . 9 1 6 2 8  
0 . 9 4 0 4 4  
0 . 9 3 9 3 6  
0 . 9 1 6 7 5  
0 . 9 4 2 7 4  
0 . 9 2 6 3 5  
0 . 9 1 2 1 4  
0 .91579 
0 . 9 4 9 4 6  
0 .91902 

0 .92416 0 .00227 
0 .92445 0 .00225 
0.92452 0 .00222 
0 . 9 2 4 4 1  0 .00219 
0.92446 0 .00215 
0 . 9 2 4 6 0  0 .00212 
0 . 9 2 4 2 5  0.00212 
0.92413 0 .00209 
0.92488 0 .00220 
0.92505 0 .00217 _ - - - _  

3800 
3926 
3950 
4032 
3877 
3994 
3 9 9 1  
4072 
3978 
4084 

9 1  
92 
93 
94  
95 
96  
97  
98  
99  

100 

0 .92208 0 ,00154 
0 . 9 2 2 1 1  0 , 0 0 1 5 1  
0 .92235 0 . 0 0 1 5 1  
0 . 9 2 2 5 1  0 ,00148 
0 .92245 0 .00147 
0 .92235 0 .00145 
0 .92236 0 .00142 
0.92235 0 .00141 
0 . 9 2 2 3 3  0 .00138 
0 .92233 0 .00137 

1 3 7 3 1  
14079 
14010 
14306 
14413 
14609 
14862 
15074 
1 5 4 1 1  
1 5 5 7 1  

0 .94076 0 . 9 3 0 4 6  0 .93538 
0.91457 0 .92648 0 .91086 
0.92959 0 . 9 3 7 6 8  0 .93309 
0 .91562 0 . 9 3 4 3 1  0 .91208 
0 .90229 0 , 9 1 3 5 2  0 .91602 
3 .90228 0 . 9 1 6 7 3  0 .90527 
0 .91916 0 .92458 0.91790 
0 .91725 0 . 9 2 1 1 7  0.91837 
0.92075 0 . 9 2 5 6 1  0 .91185 
3.92485 0 .92029 0 .92823 

0 .92527 0.00215 
0.92512 0 .00213 
0.92518 0 .00210 
0.92505 0 .00207 
0 .92475 0 .00207 
0 .92445 0 . 0 0 2 0 6  
0.92439 0.00204 
0.92429 0 . 0 0 2 0 1  
0.92425 0 .00199 
0.92426 0.00196 

0 .92144 0.00149 
0 . 9 2 1 5 1  0 .00147 
0 .92173 0 .00147 
0 . 9 2 1 9 0  0 .00146 
0 .92179 0.00144 
0.92172 0 .00142 
0 .92176 0.00140 
0.92175 0 .00139 
0 .92180 0.00137 
0.92178 0.00135 

0 .92588 0 , 0 0 2 1 7  
0 .92567 0.00215 
0.92577 0,00212 
0 .92559 0.00210 
0 .92546 0 ,00208 
0.92519 0.00207 
0 .92510 0.00204 
0 .92501 0.00202 
0 .92485 0 , 0 0 2 0 0  
0 .92489 0 .00198 

- - - - - - - - 
1 0 1  
102 
103 
104 
1 0 5  
106 
1 0 7  
108 
109 
1 1 0  

- - - - - - - - 

- - - - - - - - - - - - - - - - - 
4016 0 .90790 
3969 1 0.90749 
4030 0 . 8 9 1 7 9  
3 9 2 1  I 0.90771 
4128 I 0 . 8 5 4 4 2  
3736 1 0 . 9 1 4 6 6  
4373 I 0 .88097 
3965 0 .92208 
4203 I 0 . 9 2 6 0 9  
4022 I 0 .91730 

- _ - - - _ _ _ _ _ - _ _ _ _ _ _  

. - - - - - - - - - 
0 . 9 2 5 4 7  
0.89720 
0 . 9 1 9 3 0  
0 . 8 9 0 9 7  
0 .89471 
0 . 9 0 6 6 4  
0 . 9 1 0 0 3  
0 . 9 2 4 3 7  
0 . 9 3 3 7 5  
0 . 9 1 3 6 2  - - - - - - - - - 

- - - - - - - - - 
0 .90698 
0 .91564 
0 .89649 
0 .91274 
0 .85702 
0 . 9 1 6 6 1  
0 .87902 
0 .92112 
0 .92823 
0 . 9 1 7 8 1  

- - - - - - - - - 

. - - - - - - - - - - - - - - - - 
0 .92183 0.00134 
0 .92153 0.00135 
0.92150 0.00134 
0 .92114 0.00137 
0.92083 0 .00139 
0 . 9 2 0 6 6  0.00138 
0 .92054 0 .00137 
0 .92058 0 .00136 
0.92073 0.00135 
0 .92065 0 .00134 - -_- - - - -___-__-__ 

-____- -__ - - - - -____- - - - - -  
1 0.92234 0 .00134 

0.92216 0.00136 
0 .92210 0.00134 
0.92187 0.00136 1 0 .92140 0 .00139 

I 0 .92126 0 .00139 
I 0.92105 0 .00138 

0 .92108 0 .00136 I 0.92123 0.00135 
1 0 .92115 0 .00134 . . . . . . . . . . . . . . . . . . . . . . . .  

. - - - - - 
15878 
15400 
15634 
14832 
14039 
13996 
14022 
1 4 2 0 1  
14176 
14279 - - - -__ 

I 0.92405 0 , 0 0 1 9 5  
I 0.92385 0.00194 
1 0.92347 0 .00195 
1 0 .92328 0 .00194 
I 0.92247 0.00208 
1 0.92238 0.00206 

0 .92190 0 .00209 
0 .92190 0.00206 
0 .92195 0 .00204 

I 0 . 9 2 1 9 0  0 . 0 0 2 0 2  

0 .92467 0.00196 
0.92456 0 .00194 
0 .92422 0 .00195 
0.92408 0.00193 
0.92329 0 .00206 
0 . 9 2 3 2 1  0.00204 
0 .92271 0,00208 
0.92269 0.00206 
0 .92275 0.00203 
0 . 9 2 2 7 0  0 .00201 _ - - -_ -___-__ -____  

1 
0 2  

(3 
m 
W 
1 
0 
0 

- _ _  



111 
112 
113 
114 
115 
116 
117 
118 
119 
120 

- . - - - - - - - 

3976 I 0.87172 
3825 I 0.88130 
4040 I 0.92244 
4185 1 0.92710 
4082 1 0.91872 
4055 0.95828 
4109 I 0.92469 
3844 1 0.92359 
3980 I 0.90819 
4064 I 0.93027 

0.89155 
0.88968 
0.91142 
0.95052 
0.93921 
0.92261 
0.91811 
0.91308 
0.90675 
0.91646 

- - - - - - - - - 

0.86874 
0.88260 
0.92508 
0.92317 
0.92246 
0.95692 
0.92102 
0.92344 
0.91264 
0.92981 - - - - - - - - - 

1 0.92135 0.00207 
0.92091 0.00209 
0.92093 0.00207 
0.92099 0.00205 

I 0.92097 0.00203 
I 0.92136 0.00204 
I 0.92139 0.00202 
I 0.92142 0.00200 
1 0.92128 0.00199 
1 0.92137 0,00197 

0.92033 0.00136 
0.92000 0.00139 
0.91991 0.00137 
0.92023 0.00140 
0.92043 0.00140 
0.92046 0.00138 
0.92043 0.00137 
0.92036 0.00136 
0.92022 0.00135 
0.92018 0.00134 

0.92210 0.00208 
0.92167 0.00210 
0.92171 0.00208 
0.92173 0.00205 
0.92173 0.00203 
0.92210 0.00204 
0.92209 0.00202 
0.92210 0.00200 
0.92201 0.00198 
0.92209 0.00197 

_ - - - _ _ _ - - _ - _ _ _ _ _ -  

1 0.92072 0.00137 
I 0.92038 0.00140 
1 0.92031 0.00139 

0.92066 0.00140 
0.92085 0.00140 
0.92089 0.00139 
0.92085 0.00137 j 0.92078 0.00136 
0.92067 0.00135 
0.92064 0.00134 

13487 
12810 
12861 
12499 
12361 
12465 
12602 
12690 
12688 
12801 

. - - - - - - - 

che largest active cycle keffs by estimator are: the smallest Fctive cycle keffs by estimator are: 

collision 0.97618 on cycle 89 collision 0.85442 on cycle 105 
absorption 0.95052 on cycle 114 absorption 0.88968 on cycle 112 

track length 0.85702 on cycle 105 track length 0.97249 on cycle 89 
lplot of the estimated col/abs/track-length keff one standard deviation interval versus cycle number I )  = final keff = 0.92064) 

cycle 
number 

26 
27 

29 
30 
31 
32 
33 
34 
35 
36 
37 
3R 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

28 
1 ._---- 

I 
I I I 
I 
I 
I 
I 
I 
I 

I 

I 

I 

I 
I 

94 



62  
63 
64 
65 
6 6  
6 1  
68 
69 
7 0  
7 1  
72 
73 
7 4  
7 5  
76  
7 7  
7a 
7 9  
80  
8 1  

8 3  
84 
8 5  
R6 
01 
8 8  
8 9  
90  
9 1  
92 
9 3  
94 
95 
96  
97 
9 8  
99 

100 
101 
102 
103 
104 
105 
106 
107 
108 
1 0 9  
110 
111 
1 1 2  
113 
114 
115 

. 116 
117 
118 
119 

a2 

42 I 
4 3  I 
4 4  I 
4 5  t :; I 
48  I 
49 I 
50 I 
5 1  I 
52 I 
53 I 
54  I 
55 + 
56 
57 
58 
59 
60 
6 1  
62 
63 
6 4  
65 
66 
67 
6 8  
69 
70  
7 1  
7 2  
73  
7 4  
75  
76  I 
'7 I 
' 8  I 
7 9  I 
80 I 
8 1  I 
82  I 
83  I 
84  I 
85 + 
8 6  
87 
8 8  
89 
90  
9 1  
92  
93 
94  
95  
96 I 
97 I 
9 8  I 
99 I 

+ 

+ 

t 
I " n z  

m 
m 
I 
0 
0 
c, 



* ,  

4529431 0.9205 0.0018 0,9205 0.0013 0.9212 0,0019 )95/95/95 
4489981 0.9202 0.0018 0.9204 0.0013 0.9208 0.0018 95/95/95 

4409571 0.9205 0,0018 0,9207 0,0013 0.9211 0,0019 (95/95/95 
4448831 0.9202 0.0018 0.9206 0.0013 0.9208 0.0019 195/95/95 

skip active 
cycles cycles 

0 120 
1 119 
2 118 
3 117 
4 116 -' 
5 ' 115 
6 114 
7 ' 113 0.92071 0.00128 0.91816-0.92325 0.91734-0.92408 

0.92057 0.00128 0.91803-0.92311 0.91720-0.92394 

0,92087 0.00128 0.91832-0.92341 0.91749-0.92424 
0.92079 0.00127 0.91826-0.92332 0.91743-0.92415 

8 112 
9 111 
10 110 

4331071 0.9206 0.0019 0.9206 0,0013 0.9211 0.0019 
4289181 0.9205 0.0019 0.9204 0.0013 0.9210 0,0019 

0.9206 0.0019 0.9204 0.0013 0.9211 0.0019 
0.9208 0.0019 0.9202 0.0013 0.9213 0.0019 
0.9209 0.0019 0.9204 0.0013 0.9216 0,0019 

412951) 0.9210 0.0019 0,9202 0.0013 0.9216 0.0019 
4088691 0.9211 0.0019 0.9202 0.0013 0.9218 0.0019 

- - - -____- - - - -___-  
11 109 
12 108 
13 107 
14 106 
15 105 
16 104 
17 103 
18 102 
19 101 
20 100' 

22 98 
24 96 
26 94 
28 92 
30 90 
32 88 
34 86 
36 84 
38 82 
40 80 

42 78 
44 76 ' 
46 74 
48 72 
50 70 
52 68 
5 4  66 
5 6  64 
58 62 
60 60 

62 58 
64 56 
66 5 4  
68 52 
70 50 

- - -__-_- -__- -____ 

- - - - - - - - - - - - - - - - . 

_ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _  

95/95/95( 0.92073 0.00128 0,91819-0.92328 0.91736-0.92411 
95/95/95 0.92062 0.00128 0.91807-0.92317 0.91724-0.92400 
95/95/95 0.92061 0.00130 0.91803-0.92319 0.91719-0.92403 
95/95/95 0.92050 0.00131 0.91790-0.92310 0.91705-0.92395 
95/95/99 0.92079 0.00130 0.91820-0.92338 0.91736-0.92423 
95/95/95 0.92063 0.00130 0,91804-0.92322 0.91719-0.92407 
95/95/99 0.92060 0.00132 0.91798-0.92322 0.91712-0.92407 

' 4048141 0.9211 0.0020 0,9203 0.0013 0.9218 0.0020 )95/95/95 
400687) 0.9214 0.0020 0.9202 0.0013 0.9221 0.0020 195/95/99 

i 

0.92070 0.00132 0,91806-0.92334 0.91720-0.92420 
0.92064 0.00134 0.91797-0.92331 0.91710-0.92418 

3129851 0.9200 0.0024 0.9200 0.0016 0.9208 0.0023 
305102 0.9199 0,0024 0.9200 0.0016 0.9206 0.0024 
297022 0.9200 0.0025 0.9199 0.0016 0.9206 0.0025 
289167 i 0.9201 0.0025 0.9204 0.0016 0.9207 0.0025 

95/95/95 0.92050 0.00163 0.91724-0.92375 0.91617-0.92482 
95/95/95 0.92039 0.00163 0.91714-0.92365 0.91607-0.92472 
95/95/95 0.92020 0.00165 0.91630-0.92350 0.91582-0.92458 
95/95/99 0.92068 0.00166 0:91738-0.92399 0.91629-0.92507 

281201). 0.9198 0.0025 0.9199 0.0016 0.9204 0.0025 )95/95/99 0.92023 0.00167 0,91689-0.92358 0.91580-0.92467 



c 

12 48 
74 46 
76 44 
18 42 
80 40 

a2 38 
84 36 
8 6  34 
8 8  32 
90 30 
92 28 
94 26 '* 
96 ' 24 

100 20 

102 18 
104 16 
106 14 
L O R  12 
110 10 
112 8 
114 6 
116 4 
117 3 
118 2 

9a , 22 

_ _ _ - - _ _ _ _ - - _ _ _  

_.---__-_--___ 

1928231 0.9193 0.0032 
1848751 0.9185 0.0033 
176907) 0.9172 0.0033 
1688841 0.9168 0.0033 
1607501 0.9167 0.0034 

. _ _ _ _ _ _ _ ^ _ _ _ _ _ _ _ _ _ _ _ - -  

1528331 0.9164 0.0035 
144615) 0.9160 0.0037 
136630) 0.9151 0.0039 
1285991 0.9155 0.0041 
1202271 0.9128 0.0038 
112501 0.9117 0.0039 
104519 0.9109 0.0042 
96648 0.9116 0.0045 
885851 0.9110 0.0049 
805231 0.9098 0.0053 

125381 0.9101 0.0059 
645871 0.9114 0 . 0 0 6 6  
56723) 0.9152 0.0061 
483851 0.9175 0.0065 

323591 0.9267 0.0051 
24134) 0.9273 0.0069 
159971 0.9217 0.0047 
118881 0.9207 0.0065 
80441 0.9192 0.0110 

401601 0.9166 0.0078 

0.9202 0.0021 0.9201 0.0031 195/95/95 0.92062 0.00219 0.91621-0.92504 0,91473-0.92652 
0.9202 0.0022 0.9192 0.0032 195/95/95 0.92075 0.00221 0.91630-0.92520 0.91480-0.92670 
0.9196 0.0022 0.9180 0.0032 95/95/95 0.92014 0.00229 0.91551-0.92477 0,91395-0.92633 
0.9197 0.0023 0.9176 0.0033 195/95/951 0.92020 0.00241 0.91533-0.92508 0.91368-0.92673 
0.9201 0.0024 0.9175 0.0034 (95/95/95( 0.92074 0.00249 0.91569-0.92578 0,91397-0.92750 ________________________________________--------------_----------------------------------- 
0.9197 0.0025 
0.9192 0.0025 
0.9183 0.0026 
0.9186 0.0027 
0.9175 0.0027 
0.9168 0.0029 
0.9153 0.0029 
0.9153 0.0031 
0.9146 0,0034 
0.9138 0.0037 

0.9169 0.0034 
0.9165 0.0036 
0.9158 0.0038 
0.9161 0.0040 
0.9136 0.0037 
0.9129 0.0039 
0.9121 0.0041 
0.9122 0.0044 
0.9117 0.0048 
0.9109 0.0052 

I95/95/99 
95/95/99 
95/95/99 

99/95/nc 
99 / 95 /no 
99/95/99 
195/95/99 

0.9140 0.0039 
0.9152 0.0042 
0.9172 0.0044 
0.9172 0 . 0 0 5 1  
0.9159 0.0059 
0.9223 0.0053 
0.9194 0.0045 
0.9136 0.0025 
0.9121 0.0028 
0.9116 0.0049 

0.9108 0.0058 195/95/99 
0.9116 0.0065 99/95/99 
0.9151 0.0062 195/95/99 
0.9177 0.0065 (95/95/99 
0,9166 0.0078 95/95/95 
0.9268 0.0046 195/95/99 
0.9277 0.0063 95/95/95 
0.9217 0.0036 /95/95/95 
0.9220 0.0050 
0.9212 0.0086 I 

. . . . . . . . . . . . . . . . . . . . . . . .  

0.92022 0.00248 
0.91982 0.00250 
0.91913 0.00258 
0.91937 0.00270 
0.91790 0.00281 
0.91729 0.00307 
0.91613 0.00308 
0.91599 0.00319 
0.91539 0.00347 
0.91526 0.00394 

0.91493 0.00428 
0.91563 0.00450 
0.91703 0.00483 
0.91737 0.00560 
0.91599 0.00661 
0.92502 0.00392 
0.92232 0.00643 
0.91176 0.00186 

_ _ _ _ _ _ _ _ - _ - - _ _ _ _ - _  

0.91517-0.92526 
0.91473-0.92490 
0.91386-0.92439 
0.91384-0.92490 
0.91213-0.92366 
0.91096-0.92362 
0.90975-0.92250 
0.90935-0.92264 
0.90812-0.92265 
0.90695-0.92358 

0.90581-0.92405 
0.90591-0.92535 
0.90640-0.92767 
0.90471-0.93003 
0.90035-0.93163 
0.91494-0.93511 
0.90184-0.94280 
0.88807-0.93544 

0.91345-0.92699 
0.91298-0.92665 
0.91204-0.92621 
0.91191-0.92682 
0.91012-0.92568 
0.90872-0.92586 
0.90747-0.92478 
0.90695-0.92504 
0.90546-0.92531 
0.90384-0.92669 

0.90233-0.92754 
0.90208-0.92918 
0.90203-0.93204 
0.89918-0.93556 
0.89284-0.93914 
0.90920-0.94085 
0.88474-0.95990 
0.79312-1.03039 

- _ - - _ _ - _ _ - _ _ _ - _ -  

- _ _ _ _ _ _ _ _ _ _ _ - _ _ -  

the minimum estimated standard deviation f o r  the col/abs/tl keff estimator occurs with 115 inactive cycles and 5 active cycles. 

t h e  first acrive ha l f  of the problem skips 20 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len keff. one standard deviation. and 68. 95, and 99 percent intervals for each active half of the problem are: 

problem keff standard deviation 68% confidence 95% confidence 99% confidence 

first half 0.92054 0.00167 0.91886 to 0,92222 0,91718 to 0,92390 0.91605 to 0.92502 
second half 0.92088 . 0.00215 0.91872 to 0.92305 0.91655 to 0.92521 0.91511 to 0.92666 
final result 0,92064 0.00134 0.91930 to 0.92198 0,91797 to 0,92331 0.91710 to 0.92418 

the first and sgcond half values of k(collision/absorption/track length) appear to be the same at the 6R percent confidence level. 
lplot of the estimated col/abs/track-length keff one standard deviation interval by active cycle number (1 = final keff = 0.920641 

inactive 
cycles 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

active 0.90 
cycles I - - - - - - - - _ - - - .  

120 1 
119 1 
118 I 
117 I 
116 1 
115 I 
114 1 
113 i 
112 1 
111 1 

110 I 

0.93 
- - I  

1 
1 
1 

1 
1 
1 
1 

0 
0 
P 



11 
1 2  
1 3  
14 
15 
16  
17 
1 8  
1 9  
20 
2 1  
2 2  
23 
2 4  

2 6  
27 
2 8  
2 9  
3 0  
3 1  
32 
33 

' 3 4  
35 
3 6  
37 
38 
39 
4 0  
4 1  
42 
43 
4 4  
4 5  
4 6  
47 
4 8  
49 
50 
5 1  
5 2  
53 
54 
5 5  
5 6  
57 
58 
5 9  
60 
6 1  
62 
63 
6 4  
65 
66 
6 7  
68 

25 .  

. -  

1 0 9  1 
108  I 
1 0 7  1 
106  1 
1 0 5  1 
104 I 
1 0 3  I 
101 * 
1 0 0  f 

102 I 

;; I 
_I' 97 1 

96  I 
95 I 
94  I 
93 I 
92 I 
9 1  + 
90 
89 
88 
87 
8 6  
E5  
8 4  
83 
8 2  

60 I 
59 I 
:7" I 
5 6  I 
55 I 
54 I 
52 I 53 

+ 

t 

+ 

+ 

t 



69 
70 
71 
72 
73 
74 
7 5  
76 
77 
78 
79 
80 
81 
8 2 ,  
8 3  
84 
85 
86 
87 
8 8  
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
101 
107 
103 
104 
105 
106 
107 
108 
109 
110 

5 1  + 

50 I 
49 I 
4 8  I 
47 I 
46 I 
45 I 
44 I 
4 3  I 
42 I 
40  I 
39 I 
38 I 
37 I 
3 6  I 
3 5  I 
34 I 
3 3  I 
32  1 

30 I 
29 I 
28 I 
27 I 
2 5  I 
2 4  I 
2 3  I 
22 I 

20 I 
19 I 
18 I 
17 I 
16 1 
15  I 
14 I 
13 I 
12 I 
10 I 

41 + 

31 t 

26 I 

21 + 

11 + 

I --  
I 0.90 

+ 

2 warning messages SO f a r .  

sun terminated when 120 kcode cycles were done. 

computer time = 44.13 minutes 

mcnp version 4a 10/01/93 02/14/01 09:03:50 probid = 02/14/01 08:19:43 
0 
0 
P 
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Job NO: 30822-244-330 16860 Calculation No: BUF-2001-014/Rev. 1 ' Date: Februarv 25, 2001 

Problem Statement & Calculation Objectives: 

To determine the Pu-239 mass sub-critical limit for m x 00 x 12 ft arrays of 2.875-cubic-foot boxes with Pu- 
239-cellulose spheres and pure cellulose or void outside the sphere. Every box has 1 sphere containing the 
same amount of Pu-239. 

References and Data Available: 

J. F. Briemiester, ed., MCNP - A General Purpose Monte Carlo N-Particle Transport Code, Version 4A, LA- 
12625, Los Alamos National Laboratory, Los Alamos NM, 1993 
C. D. Harmon, II et al., Criticality Calculations with MCNP: A Primer, Manual LA-12827, Los Alamos 
National Laboratory, Los Alamos NM, 1993 
D. R. Lide, CRC Handbook of Chemistry an Physics, CRC Press, Boston MA, 1991. 
F. H. Attix, Introduction to Radiological Physics and Radiation Dosimetry. John Wiley & Sons, Inc., New 
YorkNY, 1986 
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Attachments: 

Attachment 1 : MCNP surface and cell numbers 
Attachment 2: MCNP input file 
Attachment 3: MCNP output file 
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Analysis 

Assumptions 

Pu-239 inside the sphere is uniformly mixed with 0.72 g/cm3 cellulose 
The pure cellulose (0.72 g/cm3) fills the entire space inside the container and outside the Plutonium 
sphere. 
The containers stand on the 3 m thick concrete floor 
The box inside dimensions are 2.5 x 2.5 x 2.5 foot 
The box wall thickness is zero 
Every box in the array contains the same mass of Pu-239 
The boxes are arranged in the infinite square array, 12 feet heigh (m xm x 12 ft) U’ 

MCNP Model 

Neutron multiplication factors were calculated with MCNP4A code. Attachments 1 has the drawings of the 
models used. Examples of MCNP input and output files for both cases can also be found in the Attachments. 
The plutonium spheres were located in the box’s comer as. shown in Attachments I .  

Air, Carbon Steel, Concrete and Cellulose Composition 

Table 1 shows the element weight fractions for air (Attix F.H., 1986). Table 2 shows the element 
composition of concrete (Harmon C. D., IT et al., 1993) in the floor. 

Table 1. Air composition 

11 Element 
~ ~~ I Weight Fraction 

- 

I I  

I Argon (Ar) I 0.012827 



WVNS-NCSE-001 
REV. 0 

Element 

Hydrogen (H) 

Oxygen (0) 

Sodium (Na) 

Aluminum (Al) 

Silicon (Si) 

Calcium (Ca) 

Iron (Fe) 

Sheet No. 3/12 
Calc. No. BUF-2001-013 
Rev. No. 1 

Weight Fraction 

0.0 10 

0.532 

0.029 

0.034 

0.337 

0.044 

0.014 

d 
Job NO 30822-244-330 16860 Job: PSR-6 Bv 21c Date a/h$/ot 
Client WVNS Subiect: cellulose-Pu-239 spheres Chk’d. /<z Date 3 / 3d0 ,  

Element 

Hydrogen (H) 

~ ~- ~ 

Atomic Weight 

1.00794 

The weight fractions of the elements composing the cellulose were determined based on the known atomic 
weights of the elements (Table 3) and the cellulose chemical formula - C,HloO,. 

:d’ 

Carbon (C) 

Oxygen (0) 

Table 3. The atomic weights of the elements 

1 2.0 1 07 

15.9994 

The molecular weight of celIuIose (C,H,,,O,) was calculated as the sum of all atomic weights composing the 
molecule. The weight fraction of an ith element was found as a ratio of the ith element weight in the molecule 
to the molecular weight of this molecule. 

.d where 
( i ~ , ) ~ ~ , ,  = the weight fraction of i I h  element in a molecule of cellulose 
n, = the number of the ith elements in a cellulose molecule 
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A ,  = the atomic weight of the ith element, g/mol 
M,,,, = the molecular weight a cellulose molecule, g/mol 

Calculated weight fractions for cellulose are shown in Table 4. 

Table 4. Cellulose Weight Fractions 

Element 

Hydrogen (H) 

Carbon (C) 

Oxygen (0) 

Weight Fraction 

0.062 

0.444 

0.493 

Radii of the Plutonium containing spheres. 

Ui The spheres with several different radii were studied. The minimum size of the Plutonium containing sphere 
corresponded to the sphere with pure Pu-239 and the maximum size was limited by the dimensions of the 
container, i.e. half of the box height. The minimum radius equation (3) was derived from the volume of a 
sphere equation (2) 

where: 
R,,,, = the minimum possible radius of the sphere containing Pu-239, cm 
R,,,, = the radius of the metal Plutonium sphere, cm 
V,,,, = the volume of the sphere with Pu-239, cm-' 
rn,.,, = the mass of the Plutonium sphere, g 
p,,,, = the density of the metal Plutonium, 19.78 g/cm3 

Composition of the Plutonium containing spheres 
v 

The weight fractions of the elements composing the mixture are defined as the ratio of the mass of the 
element in the mixture to the total mass of the mixture. Total mass of the mixture was determined using 



WVNS-NCSE-OO~ 
REV. 0 

:- . ,  . URS Sheet No. 5/12 
Calc. No. BUF-2001-013 
Rev. No. 1 

e 
Job No 30822-244-330 16860 Job: PSR-6 BV J'Lc D a t e a k d o f  
Client WVNS Subiect: cellulose-Pu-239 spheres Chk'd. K7 Date 3 / 3 d c (  

equation (4): 

where 
M/,,,,/ = the total mass of the mixture, g 
mr,, = the mass of Pu-239 in a sphere, g 
mccl = the mass of a cellulose in a sphere, g 

V7b,ul = the total volume of a sphere, cm3 
VcC, = the volume of a cellulose in the sphere, cm3 
peel = the density of a cellulose, 0.72 g/cm3 
V,,,, = the volume of Pu-239 in the sphere, cm3 
P ) , ~  = the density of the metal Plutonium, 19.78 g / c d  
R = the radius of a Plutonium containing sphere, cm 

/ 

'd 

In the Plutonium-cellulose mixture, the weight fraction of PU-239 was calculated using equation 5 ,  and the 
weight fractions of elements composing cellulose were calculated using equation 7 as a product of the weight 
fraction of a cellulose in the Plutonium-cellulose mixture (equation 6) and the weight fraction of an element 
in a pure cellulose (equation 1). 
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wi = wee, (%Vi  >ce, = (7) 

All variables in equations 5-7 are as described above. Table 6 shows the composition of the Plutonium 
containing spheres. 

The cases for spheres with 150g, 200g 250, and 350g of Pu-239 were studied and based on the calculated 
neutron multiplication factors, the Pu-239 sub-critical mass limit was determined. Tables 5-8 show the 
composition of the spheres used in the models. 

. - .  

Table 5.  The composition of the spheres with 150g of Pu-239. 

1 

Table 6. The composition of the spheres with 200g of Pu-239. 

Table 7.. The composition of the spheres with 250g of Pu-239. 
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Results 

The results of the calculations performed using MCNP-4A code are shown in the following tables and 
graphs. Tables 9- 12 provide the Monte Carlo determined neutron multiplication factor (keff) values and their 
standard deviations (B), and Figures 1-4 plot the k,, +2 (J values for all studied cases (15Og, 200g. 250, and 
350g). 

Table 9. The neutron multiplication factor (kef,) values and their standard deviations (0) for the boxes with u 150 g of Pu-239. 

Table 10. The neutron multiplication factor (k,+,) values and their standard deviations (0) for the boxes with 
200 g of Pu-239. 
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Table 1 1. The neutron multiplication factor (keff) values and their standard deviations (CY) for the boxes with 
250 g of Pu-239. 

Table 12. The neutron multiplication factor (keJ values and their standard deviations (CY) for the boxes with 
350 g of Pu-239. 

Figure 1. k,, +20 for the boxes with 150 g of Pu-239 . 

I 0.8 

'3T 0.6 -: 
0) ! 

I el I 
+ 0.4 4 

i 
0.0 -+ 

+ 100% densty cellulose 
outside plutonium mixture 

void outside plutonium 
mxture 

0 .o dO.0 20 .o 30.0 40 .O 50.0 

R, cm 



WVNS-NCSE-001 
REV. 0 

Sheet No. 9/12 
Calc. No. BUF-2001-013 
Rev. No. 1 

Job NO 30822-244-330 16860 Job: PSR-6 BV Date 03hbf 
Client WVNS Subiect: cellulose-Pu-239 sDheres Chk’d. Fz Date 3/30/01 

Figure 2. keff +20 for the boxes with 200 g of Pu-239 . 
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Figure 3. keff +20 for the boxes with 250 g of Pu-239. 
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Figure 4. keff +20 for the boxes with 350 g of Pu-239. 
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The criterion for the Pu-239 mass limit is: 
k,.j f 2U I k, - A  kh - o h  

Where: 
k,, = neutron multiplication factor predicted by MCNP 
0 = standard.deviation of predicted k,,. 
k, = 0.95 = established allowable limiting neutron multiplication factor 
d kh = calculation method bias 
o h  = bias uncertainty 

' 

The calculation method.bias together with bias uncertainty ( A  kh + g h )  is no more than 0.02. Thus the criterion 
(8) can be modified as: 

k , ,  + 20 IO.93 (9) 
Where: 
k,, = neutron multiplication factor predicted by MCNP 
r~ = standard deviation of predicted kef, 

c. 

To determine the Pu-239 mass limit, the maximum values of k,,, +20 as a function of Pu-239 mass (Table 
13) were approximated with a polynomial equation, which is shown on Figure 5. 
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150 0.8 I542 0.00 122 
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e 

kc,\.+ 20 
0.8 179 
0.8580 
0.9101 
0.9828 

URS 

< -  I 

Pu-239 weight fraction 0.4 19075023 
0.258 195009 
0.016 1 12949, 
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Table 13. The maximum values of k,, +20 as a function of Pu-239 mass. 

Figure 5. The maximum values of krff +20 as a function of Pu-239 mass. 
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+ 
a= 
2 0.8500 
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y = -2.2687E-08x3 + 1.6032F05X2 - 2.7109E-03~ + 9.4034E-01 
W = 1 .OOOOE+OO 

Solving the polynomial equation from Figure 4 determines the Pu-239 mass limit as 265g per box. To check 
this result, another set of MCNP runs was performed. Table 14 shows the composition of the Plutonium- 
containing spheres, and Table 15 and Figure 6 show the calculation results for the arrays of boxes with 2658 
of PU-239. 

Table 14. The composition of the spheres with 2658 of Pu-239 

Radius of the sphere, cm . I 5 I 10 1 15 I 20 I 38.1 
Mixture densitv, dcm' I 1.20769001 1 1 0.78096 I25 I I 0.738062593 I 0.7276201 56 1 0.721 102247 
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Table 15. The neutron multiplication factor (keff) values and their standard deviations (0) for the boxes with 
265 g of Pu-239. 

Figure 6. k,, +20 for the boxes with 2658 of Pu-239. 
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The k,, +20 values in Table 15 confirm that 265g of Pu-239 is a sub-critical mass limit for ~0 x 00 x 12 ft 
arrays of 2.5-cubic-foot boxes with Pu-239-cellulose spheres and pure cellulose or void outside the sphere. 
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C 
C 
C 
C 
1 
2 
3 
C 
C 
4 
5 
6 
C 
C 
7 
C 
C 
C 

C 

C 

- 
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3b141 
eff. 2659 of Pu-239 in cellulose spheres in 2.5 c. foot of pure celulose 

Cell cards 

0 1 -2 3 -4 5 -6  fill=2 imp:n=l $ box with lattice 
2 -2.3 1 -2 3 -4 -5 7 ' imp:n=l $ concrete floor 
0 -1 : 2 : -3 : 4 : -7  : 6 imp:n=O $ Outside world 

tlniverse 1 
3 -0.738063 -8 
3 -0.738063 -9 
?L -0.72 8 9  

u=l irnp:n=l $ 1 Pu-239 and cellulose sphere 
u=l imp:n=l $ 2 Pu-239 and cellulose sphere 
u=l imp:n=l $ Pure Cellulose 

Lattice (2 spheres with Pu-239 in 2 cubes of cellulose matrix) 
0 10 -11 12 -13 14 -15 lat=l fill=l u=2 imp:n=l $ Lattice 

Note: next line must be completely blank 

Surface cards 

"1 px 0.001 
"2 px 76.201 $ box length (2.5 foot) 
'3 py 0.001 
'4 py 76.201 $ box width (2.5 foot1 
5 pz 0.001 
6 pz 365.761 $ box height (12 feet) 
C More thnan 350.52cm (11.5 feet1 - 4 tiers of B-25 box height 
C (4~34.5" or 4~87.63 cm) 
7 pz -300 $ concrete floor bpundary 
8 . s  15.0 15.0 61.2 15.0 $ 1st Pu-239 containing sphere 
9 s 15.0 1 5 . 0  91.2 15.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 76.20 $ 2.5 feet 
12 PY 0 
13 py 76.20 $ 2.5 feet 

C 

14 pz  0 
15 pz 152.40 $ 2 x 2.5 feet 

C 
c Note: next line must be completely blank 

c Data cards 
C 
c Materials 
C 
C 
c Celulose matrix (Elements: C, H. 0) 
ml 6000.50~ -0.444 

1001.50~ -0.062 
8016.50~ -0.493 

c Concrete (KENO Regular Concrete Standard Mix) from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c :Elements: H, 0, Na. Si, A I ,  Ca, Fe) 
m2 1001.50~ -0.010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0.034 
14000.50~ -0.337 
20000.50~ -0.044 
26000.55~ -0.014 

c I'u-239 and cellulose 
m3 94239.55~ -0.02539746 

6000.50~ -0.433166969 
1001.50~ -0.060585744 
8016.50~ -0.480849826 

C 
mode n 
print 40 60 80 100 110 126 
kcode 4000 1. 20 120 
ksrc 15.0 15.0 61.2 

1 5 . 0  15.0 91.2 

Page 1 



Attachment 3: MCNP output file 

WVNS-NCSE-001 
REV. 0 



lmcnp version 4a ld=10/01/93 03/06/01 13:31:59 
* * r . . * * * r + r r + + + r r + r r r + r r r + r + * r r * * t * t * r r + " * * * . . ~ * . * . * * ~ * ~ . + . ~ * . * * ~ ~ * + * * * * *  

name=3b141 

1- 
2 -  
3 -  
4 -  
5- 
6 -  
7- 
8 -  
9- 
10- 
11- 
12- 
13- 
14- 
15- 
1 6 -  
17- 
1 8 -  
19- 
2 0 -  
2 1 -  
22- 
23- 
24- 
25- 
26- 
27- 
28- 
29- 
30- 
31- 
32- 
3.3 - 
3 4 -  
35- 
3 6 -  
37- 
3 8 -  
3 9 -  
40- 
41- 
42- 
43- 
44- 
45- 
46- 
47- 
4R- 
49- 
50- 
51- 
52 - 
53- 
54- 

1 0 1 -2 3 -4 5 -6 fill=2 
2 2 -2.3 1 -2 3 -4 -5 7 
3 0  - 1 :  2 :  - 3 :  4 :  - 7 :  6 
C 
c Universe 1 
4 3 -0.738063 - 8  u= 1 
5 3 -0.738063 -9 u= 1 
6 1 -0.72 8 9  u=l 

c Lattice (2 spheres with Pu-239 in 2 
7 0 10 -11 12 -13 14 -15 1at.l fill=l c ________.___________--------------- 

C 

C 

imp:n=l S box with lattice 
imp:n=l S Concrete floor 
imp:n=O S Outside world 

imp:n=l $ 1 Pu-239 and cellulose sphere 
imp:n=l $ 2 Pu-239 and cellulose sphere 
imp:n=l 5 Pure Cellulose 

cubes of cellulose matrix) 
u=2 imp:n=l S Lattice 
.________.________------------------ 

c Note: next line must be completely blank 

c surface cards c ________________________________________-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -  
'1 px 0.001 
'2 px 76.201 $ box length (2.5 foot) 
'3 py 0.001 
"4 py 76.201 S box width (2.5 foot) 
5 pz 0 . 0 0 1  
6 pz 365.761 $ box height (12 feet) 
C More than 350.52~111 (11.5 feet) - 4 tiers of 8-25 box height 
C (4~34.5" or 4xR7.63 cm) 
7 pz -300 5 concrete floor boundary 
8 s 15.0 15.0 61.2 15.0 $ 1st Pu-239 containing sphere 
9 s 15.0 15.0 91.2 15.0 $ 2nd Pu-239 containing sphere 

c Lattice surfases: 
10 px 0 
11 px 76.20 $ 2.5 feet 
12 PY 0 
13 py 76.20 $ 2.5 feet 
14 pz 0 
15 pz 152.40 8 2 x 2.5 feet 
c ___________.____________________________-------------------------------- 

C 
c Note: next line m u s t  be completely blank 

c Data cards 

c Materials 

C 

C 

C 
C 
c Celulose matrix (Elements: C, H, 0 )  
ml 6000.50~ -0.444 

1001.50~ -0.062 
8016.50~ -0.493 

probid = 03/06/01 13:31:59 

I o z  
0 m 
m 
I 
0 
0 
P 



55- 
56- 
57 - 
58- 
59- 
6 9 -  
G l -  
6-7-  
63- 
6 4 -  
65- 
6 6 -  
67- 
6 4 -  
69- 
70- 

c Concrete (KENO Regular Concrete Standard Mix1 from Harmon at a1 
c Criticality Calculation with MCNP. A Primer. p. C-4 
c (Elements: H ,  0, Na, Si, Al. Ca. Fe) 
m2 1001.50~ -0,010 

8016.50~ -0.532 
11023.50~ -0.029 
13027.50~ -0,034 
14000.50~ -0.337 

26000.55~ -0.014 
c Pu-239 and cellulose 
m3 94239.55~ -0.02539746 

20000.50C -0.044 

6 0 0 0 . 5 0 ~  -0,433166969 
1001.50~ -0.060585744 
8016.50~ -0.480849826 

C 
7 1 -  mode n 
71- print 40 60 80 100 110 126 
7 3 -  kcode 4000 1. 20 120 
7 4 -  ~ S K C  15.0 15.0 61.2 
75- 15.0 15.0 91.2 
76- 

total fission nubar data are being used. 
Imaterial composition 

tha  sum of the fractions of material 1 was 9.99OOOOE-01 

material 
number component nuclide, atom fraction 

1 6000, 0.28588 1001, 0.47576 8016, 0.23837 
2 1001, 0.16803 8016, 0.56324 11023, 0.02136 13027, 0.02134 

14000, 0,20319 20000, 0.01R59 26000, 0.00425 
3 94239, 0,00084 6000, 0,28543 1001, 0,47579 8016, 0.23793 

mat. er i a 1 
number component nuclide. mass fraction 

1 6000, 0.44444 1001, 0.06206 8016, 0.49349 
2 1001, 0.01000 8016, 0,53200 11023, 0.02900 13027, 0.03400 

14000, 0,33700 20000, 0.04400 26000, 0.01400 
3 94239, , 0.02540 6000, 0.43317 1001, 0.06059 8016, 0.48085 

warning. 1 of the materials had unnormalized fractions. 
lClllS 

atom gram neutron 
cell mat density density volume mass pieces importance 

1 1 0 0.00000E+00 0.00000E+00 2.1237GEt06 0.00000E+00 0 1.0000E+00 
2 2 2 8.179138-02 2.30000E+00 1.74194&+06 4.00646Et06 0 1.0000E+00 
3 3 0 0.0000OE+00 0.00000E+00 0.00000E+00 0.00000Et00 0 0.0000E+00 
4 4 3 5.61574E-02 7.38063E-01 1.41372Et04 1.04341E+04 1 1.0000E+00 
5 5 3 5.61574E-02 7.3fi063E-01 1.41372E104 1.043418+04 1 1.0000E+00 

print table 40  

print table G O  

0 
0 



6 6 1 5.61219E-02 7.20000E-01 0.00000E+00 0.00000E+OO 0 1.0000E+00 
7 7 0 0.00000E+00 0.00000E+00 8.84901E+05 0.00000E+00 0 1.0000E+00 

total 4.77888Ec06 4.027333+06 

1 warning message so far. 
lcross-section tables 

table length 

tables from file critxs 

1001.50~ 1153 njoy 
6000.50~ 16126 njoy 
8016.50~ 23669 njoy 
11023.50c 36270 njoy 
13027.50~ 22891 njoy 
14000.50~ 48275 njoy 
20000.50~ 26104 njoy 
26000.55~ 84136 njoy 
94239.55~ 67551 njoy 

total 326175 

,warning. neutron energy cutoff is below some cross-section tables. 

total nu 

print table 100 

( 1301) 79/07/31. 
( 1306) 79/07/31. 

( 1276) 05/14/81 
( 1311) 79/06/21. 
( 1313) 79/09/08. 
( 1314) 79/06/21. 

79/06/22. ( 13201 10/21/82 
( 260) 

( 13991 02/21/85 

decimal words of dynamically allocated storage 

general 111136 
tal 1 ies 0 
bank 12403 
cross sections 326175 

total 449714 

* * .  t * * * * * t l . * * ~ t t ~ + ~ ~ ~ . ~ ~ ~ ~ ~ * ~ ~ . ~ . ~ ~ ~ * . * * . ~ . ~ ~ ~ ~ ~ ~ . * ~ * * , ~ . * * . ~ ~ . . . * ~ ~ ~ ~ ~ . . . ~ ~ ~ ~ ~ ~ ~ * ~ ~ ~ ~ ~ . . . ~ * ~ * ~ * ~ , , , . , , ~ ~ ~ ~ ~ * ~ . ~ ~ * ~ ~ ~ ~  

clump no.  1 on file 3b141r nps = 0 coll = o ctm = 0 . 0 0  nrn = 0 

source distribution written to file 3b141s cycle = ’ 0 

2 warning messages so 
1 starting mcrun. field 

k eff, 265g of Pu-239 i n  

nps :< Y z 

far. 
length = 0 cpo = 0.01 print table 110 

cellulose spheres i n  2.5 c. foot of pure celulose 

cell lattice(i,j,k) surface u V w energy weight time 

1 1.500Et01 1.500E+01 6.120E+01 1 5.085E-01 4.733E-01 7.193E-01 2.209E+00 1.000E+00 O.OOOE+OO 
1.500Et01 1.500E+01 6.120E+01 7( 0, 0, 0 )  5.085E-01 4.733E-01 7.1933-01 
1.500E+01 1.500E+01 6.120E+01 4 0 5.085E-01 4.733E-01 7.193E-01 

1.500E+01 1.500E+01 6.1203+01 7 (  0, 0 ,  0 )  8.9523-01 -4.447E-01 -2.944E-02 . 
2 1.500E+01 1.500E+01 6.120E+01 1 8.952E-01 -4.4473-01 -2.944E-02 4.904E+00 1.0003+00 0.0003+00 

I 
0 2 :  n 

0) m 
I 
0 
0 
t-l 



(. 

3 

4 

5 

6 

7 

R 

7 

10 

11 

12 

13 

14 

15 

16 

1 7 

18 

19 

20 

21 

1.500E+01 
1.500E+01 
1.500E+01 
1,50OE+01 
1.500Et01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500EtOl 
1.500E101 
1.500E+01 
1.500€+01 
1.500E+01 
1.500E101 
1.500E+01 
1.500E+01 
1.500€+01 
1.500E+C)1 
1.500E+01 
1.50OE+01 
1.500Ec01 
1,50OE+01 
1.500E+01 
1.5dOE+01 
1.500E+01 
1.500E+Ol 
1.500E+01 
1.500Et01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500Et01 
1.500E101 
1.500E+01 
1.500E+01 
1.500Et01 
1.500Ec01 
1.500Ec01 
1.500E+01 
1.500Ec01 
1.500Et01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500Et01 
1.500E+01 
1.500Et01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+Ol 
1.500Ei01 
1.500E101 

4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
71 
.4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7 1  
4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
71 
4 

0. 

0. 

0. 

0. 

0. 0. 

0. 

0. 

0. 

0. 

0 .  

0. 

0 .  

0 .  

0. 

0, 

0 .  

0. 

0, 

0 8.9521-01 -4.447E-01 -2.9443-02 
-6.184E-01 -4.495E-01 6.446E-01 

0)  -6.1843-01 -4.495E-01 6.446E-01 
0 -6.184E-01 -4.4958-01 6.446E-01 

9.710E-01 -5.665E-02 -2.323E-01 
9.710E-01 -5.6656-02 -2.323E-01 

0 9.710E-01 -5.6658-02 -2.323E-01 
5.861E-01 1.4963-01 -7.963E-01 

0) 5,8618-01 1.4968-01 -7.963E-01 
0 5,8611-01 1.4965-01 -7.963E-01 
-6.489E-02 -1.626E-01 9.8451-01 

0 )  -6.489E-02 -1.626E-01 9.845E-01 
0 -6.489E-02 -1.626E-01 9.8458-01 

-7.068E-02 3.2638-02 -9.970E-01 
0 )  -7.068E-02 3.263E-02 -9.970E-01 

0 -7,068E-02 3.263E-02 -9.970E-01 
-3.9153-01 4.664E-01 -7.932E-01 

0) -3.915E-01 4.664E-01 -7.9323-01 
0 -3.915E-01 4.664E-01 -7.932E-01 
-2.368E-01 9.2153-01 -3.0798-01 

0 )  -2.3683-01 9.215E-01 -3.079E-01 
0 -2.368E-01 9.215E-01 -3.079E-01 

1.946E-01 -3.204E-01 9.271E-01 
0) 1.946E-01 -3.204E-01 9.271E-01 

0 1.946E-01 -3.204E-01 9.271E-01 
-6.6988-01 -7.1773-01 -1.905E-01 

0 )  -6.698E-01 -7.177E-01 -1.905E-01 
0 -6.698E-01 -7.177E-01 -1.905E-01 

-8.3983-01 -4.1298-01 3.5243-01 
0) -8.398E-01 -4.129E-01 3.524E-01 

0 -8.398E-01 -4.1293-01 3.5248-01 
-1.714E-01 -8.572E-01 4.857E-01 

0) -1.714E-01 -8.572E-01 4.8573-01 
0 -1.714E-01 -8.572E-01 4.857E-01 

-2.489E-01 -5.118E-01 -8.222E-01 
0) -2.489E-01 -5.118E-01 -8.2223-01 

0 -2.489E-01 -5.118E-01 -8.222E-01 
-2.959E-01 2.119E-01 9.314E-01 

0) -2.959E-01 2.119E-01 9.3148-01 
0 -2.959E-01 2.119E-01 9.314E-01 

1.395E-01 -9.829E-01 1.202E-01 
0) 1.3958-01 -9.829E-01 1.202E-01 

0. 1.395E-01 -9.829E-01 1.202E-01 
6.909E-01 -7.110E-01 1.307E-01 

0) 6.909E-01 -7.110E-01 1.307E-01 
0 6.909E-01 -7.110E-01 1.307E-01 

-6.580E-01 5.320E-01 -5.329E-01 
0) -6.5803-01 5.320E-01 -5.329E-01 

0 -6.580E-01 5.320E-01 -5.329E-01 
-9.903E-01 -1.380E-01 1.353E-02 

0 )  -9.903E-01 -1.380E-01 1.3538-02 
0 -9.9033-01 -1.380E-01 1.353E-02 

7.462E-01 4.859E-01 -4.551E-01 
0 )  7.462E-01 4.859E-01 -4.551E-01 

0 7.462E-01 4.8598-01 -4.551E-01 
-1.977E-01 9.797E-01 3.360E-02 

01 -1.9773-01 9.797E-01 3,360E-02 
0 -1.977E-01 9.797E-01 3.3608-02 

3.809E-01 

1.3 3 1E+00 

1.902E+00 

4.410E-01 

4.750E-01 

4.136Ec00 

7.453E-02 

3.128E+00 

1.014E+00 

1.3958+00 

7.748E-01 

1.101E+00 

1.951Ec00 

2.186Et00 

1.865E+00 

1.229E+00 

l1305E+00 

1.000E+00 

3.990€+00 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

1.000E+00 

1.000E+00 

1; 000E+00 

1.000E+00 

l.OOOE+OO 

1.000E+00 

1.000E+00 

1 .  OOOEtOO 

1.000E+00 

1.000E+00 

1. OOOEcOO 

l.OOOE+OO 

1.000E+00 

l,000E+00 

1.000E+00 

1.000E+00 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

0.000Et00 

O.OOOE+OO 

O.OOOE+OO 

0. OOOE+OO 

O,000E+00 

O.OOOE+OO 

0.000€+00 

0.000E+00 

O.OOOE+OO 

0.000E+00 

0 .  OOOE+OO 

0.000E+00 
0 2 :  

n 
v, 
m 
I 
0 
0 
c-’ 



22 

23 

24 

15 

26 

27 

2R 

29  

30 

31 

3 2  

3 3  

34 

35 

36 

37 

3R 

39 

40 

'I1 

1 -9.117E-01 -3.6473-01 -1.891E-01 
7( 0, 0, 0 )  -9.117E-01 -3.647E-01 -1.891E-01 
4 0 -9.117E-01 -3.647E-01 -1.891E-01 
1 -4.287E-01 8.3613-01 -3.423E-01 
7( 0, 0. 0 )  -4.287E-01 8.361E-01 -3.423E-01 
4 0 -4.287E-01 8.361E-01 -3.423E-01 
1 1.080E-01 3.4123-01 -9.338E-01 
7( 0, 0, 0 )  1.080E-01 3.4123-01 -9.3383-01 
4 0 1.080E-01 3.412E-01 -9,338E-01 
1 -9.111E-01 -9.012E-03 -4.122E-01 
7( 0. 0, 0 )  -9.111E-01 -9.012E-03 -4.122E-01 
4 0 -9.111E-01 -9.0128-03 -4.122E-01 
1 -2.568E-01 -6.391E-01 -7.2493-01 
7( 0, 0, 0 )  -2.568E-01 -6.391E-01 -7.249E-01 
4 0 -2.568E-01 -6.3913-01 -7.249E-01 
1 -2.9123-01 8.0861-01 5.113E-01 
7 (  0 .  0.  0 )  -2.912E-01 8.0863-01 5.113E-01 
4 0 -2.912E-01 8.0863-01 5.113E-01 
1 1.4728-01 -9.514E-01 2.7058-01 
7( 0. 0. 0 )  1.4723-01 -9.5143-01 2.705E-01 
4 0 1.4723-01 -9.5143-01 2.705E-01 
1 -6.135E-01 -7.645E-01 -1.978E-01 
7( 0, 0. 0 )  -6.135E-01 -7.645E-01 -1.978E-01 
4 0 -6.135E-01 -7.645E-01 -1.978E-01 
1 -5.7028-01 5.6513-01 -5.963E-01 
7( 0. 0.  0 )  -5.7023-01 5.651E-01 -5.963E-01 
4 0 -5.702E-01 5.651E-01 -5.963E-01 
1 -6.607E-01 5.373E-01 -5.242E-01 
7( 0. 0.  0 )  -6.607E-01 5.3733-01 -5.242E-01 
4 0 -6.607E-01 5.373E-01 -5.2428-01 
1 -9.742E-02 -3.6393-01 -9.2633-01 
7( 0, 0, 0 )  -9.742E-02 -3.6393-01 -9.263E-01 
4 0 -9.7428-02 -3.6398-01 -9.263E-01 
1 -1.965E-01 -3.145E-01 -9.2873-01 
7( 0. 0. 0 )  -1.965E-01 -3.145E-01 -9.287E-01 
4 0 -1.965E-01 -3.145E-01 -9.287E-01 
1 4.0973-01 8.465E-01 -3.399E-01 
7( 0. 0.  0 )  4.097E-01 8.465E-01 -3.399E-01 
4 0 4.097E-01 8.465E-01 -3.399E-01 
1 -4.048E-02 8.831E-01 4.675E-01 
7( 0. 0.  0) -4.048E-02 8.831E-01 4.675E-01 
4 0 -4.048E-02 8.8318-01 4.675E-01 
1 3.3713-01 -9.2693-01 -1.652E-01 
7( 0, 0. 0 )  3.371E-01 -9.2698-01 -1.6528-01 
4 0 3.371E-01 -9.269E-01 -1.652E-01 
1 -1.867E-01 9.756E-01 -1.155E-01 
7( 0, 0, 0 )  -1.867E-01 9.756E-01 -1.155E-01 
4 0 -1.8673-01 9.7563-01 -1.155E-01 
1 -2.616E-01 2.3368-01 -9.365E-01 
7( 0, 0. 0 )  -2.616E-01 2.336E-01 -9.365E-01 
4 0 -2.6163-01 2.3363-01 -9.365E-01 
1 9.780E-01 -7.641E-02 -1.939E-01 
7( 0. 0, 0 )  9.780E-01 -7.641E-02 -1.939E-01 
4 0 9.780E-01 -7.6413-02 -1.939E-01 
1 2.580E-01 -7.076E-01 6.578E-01 
7( 0. 0.  0 )  2,5808-01 -7.076E-01 6.5783-01 
4 0 2.580E-01 -7.0763-01 6.578E-01 
1 -3.212E-01 -7.678E-01 -5.543E-01 

2.665E-01 

1.156E+00 

2.669E+00 

2.185E+00 

4.225E+00 

1.079E+00 

3.461E+00 

1. R36E1.00 

4.556E-01 

6.415E-01 

2.764E+00 

2.785E-01 

9.097E-01 

3.360E-01 

6.376E-01 

2.186E+00 

7.314E-01 

2.997E-01 

1.444E+00 

1.914E+00 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

1. OOOEcOO 

l,000E+00 

1.000E+00 

l.OOOE+OO 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

1.000E+00 

l.OOOE+OO 

1.000E+00 

1. OOOE+OO 

l.OOOE+OO 

1.000E+00 

1.000E+00 

1.000E+00 

1.000E+00 

1.000E+00 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

O.OOOE+OO 

0 .  OOOEtOO 

0. OOOE+OO 

0.000E+00 

I 
0 2  

c) rn 
'fJ 
0 
0 
+-J 



( '  

1.500E+01 
1,50OE+01 

43 1.500E+01 
1,50OE+01 
1.500Et01 

43 1.500E+01 
1.500Et01 
l,500E+01 

44 1.500E-01 
1 :51)OE+01 
1.50OE+01 

45 1.500E+01 
1.500Et01 
l,500E*01 

46 1.500Et01 
1.500E+01 
l,500E+01 

47 1.500Et01 
1.500E+01 
1.500Et01 

4P 1.500Et01 
1.500E+01 
1.500E+01 

49 1.500E+01 
1.500Et01 
1.500Et01 

50 1.500Et01 
1,50OE+01 
1.500E101 

lestimated keff 

1.500E+01 
1.500E+01 
1.500E+01 
1.500Ec01 
1.500E+01 
1.500E+01 
1.500Et01 
1.500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
1,50OE+O1 
1,50OE+01 
1.50OE+01 
1.500E+~1 
1.500E+01 
1.500Et01 
1.500Ec01 
1.500Et01 
1,50OE+01 
1.500E+01 
1.500E+01 
1.500Et01 
1.500Et01 
1.500Et01 
l,500E+01 
1.500E+01 
1.500E+01 
1.500E+01 
results by 

6.120E+01 
6.120E+01 
6.120Et01 
6.120E+01 
6.120E+01 
6.120E101 
6.120E+01 
6.120E+01 
6.120E+01 
6.120E+Ol 
6.120E+01 
6.120E+01 
6.120E+01 
6.120Et01 
6.120E+01 
6.120Et01 
6.120Et01 
6.120E+01 
6.120Ec01 
6.120Et01 
6.120Et01 
6,120E+01 
6.120Ec01 
6.120E+01 
6.120E+01 
6.120Et01 
6.120E+01 
6.120E+01 
6.120E+01 
cycle 

7( 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
71 
4 
1 
71 
4 
1 
71 
4 
1 
7( 
4 
1 
7( 
4 
1 
7( 
4 

scurce distribution written to file 3b141s 

source distribution written to file 3b141s 

source distribution written to file 3b141s 

sou1-ce distribution written to file 3b141s 

source distribution written to file 3b141s 

source distribution written to file 3b141s 

s@urce distribution written to file 3b141s 

source distribution written to file 3b141s 

0. 

0 ,  

0. 

0 ,  

0 ,  

0. 

0. 

0.  

0, 

0. 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

cycle = 

-3.2123-01 -7.678E-01 -5.543E-01 
0 -3.212E-01 -7.6783-01 -5.543E-01 

5.039E-01 -1.460E-01 8.5133-01 
5.039E-01 -1.460E-01 8.513E-01 

0 5.039E-01 -1.460E-01 8.513E-01 
6.08OE-01 5.487E-01 5.738E-01 
6.080E-01 5.487E-01 5.7383-01 

0 6.080E-01 5.487E-01 5.738E-01 
-2.932E-01 9.304E-01 -2.199E-01 
-2.932E-01 9.304E-01 -2.1998-01 

0 -2,9328-01 9.304E-01 -2.199E-01 
-8.475E-01 -3.993E-01 -3,4978-01 
-8.475E-01 -3.993E-01 -3.497E-01 

0 -R.475E-01 -3.993E-01 -3.497E-01 
1.200E-01 -9.1953-01 -3.743E-01 
1.200E-01 -9.195E-01 -3.7433-01 

0 1.200E-01 -9.195E-01 -3.743E-01 
7.085E-01 5.8793-01 3.904E-01 
7.085E-01 5.8798-01 3.904E-01 

0 7.085E-01 5.879E-01, 3.9048-01 
4.261E-01 9.046E-01 9.254E-03 
4.2613-01 9.046E-01 9.254E-03 

0 4.261E-01 9.046E-01 9.254E-03 
5.431E-01 4.270E-01 -7.230E-01 
5.4318-01 4.270E-01 -7.2303-01 

0 5.4313-01 4.2708-01 -7.230E-01 
-1.053E-01 -9,805E-01 1.658E-01 
-1.053E-01 -9.805E-01 1.658E-01 

0 -1.053E-01 -9.805E-01 1.658E-01 

20 

23 

26 

29 

32 

35 

38 

41 

1.502E+00 

5.971E+00 

1. R27E+00 

1.928Ei00 

1.351Ec00 

2.28RE+00 

1.230E+00 

1.4338+00 

6.572E-01 

print 

l.O00E+00 

1.000E+00 

1. OOOEtOO 

1.000E+00 

l,000E+00 

1. OOOELOO 

l.OOOE+OO 

l.OOOE+OO 

1,00OE+00 

table 175 

0.000E+00 

0 .  OOOE+ 00 

O , 0 0 0 E + 0 0  

O.OOOE+OO 

0.000E+00 

0.000E+00 

0.000E+00 

O.OOOE+OO 

O.OOOE+OO 

. t . * + + * t t . . * * . * t * * t * * ~ * * ~ * * ~ . * . , * . * * * * * ~ . ~ * * * * * ~ * * ~ ~ . ~ * * * * * , * . * * * , * ~ * ~ * . * * * * ~ . . , * ~ , * * * * * . * , ~ " ~ ~ * * * * * ~ ~ ~ * , * * * * , * * , , , * * ~ *  

dump no. 2 on file 3b141r nps = 168125 coll = 23254452 ctm = 15.31 nrn = 400432399 

source distribution written to file 3b141s cycle = 44 

source distribution written to file 3b141s cycle = 47 

source distribution written to file 3b141s cycle = 50 

cycle = 53 source distribution written to file 3b141s 



source distribution written to Eile 3b141s cycle = 56 

source distribution written to file 3b141s cycle = 59 

source distribution written to Eile 3b141s cycle = 62 

source distribution written to file 3b141s cycle = 65 

source distribution written to file 3b141s cycle = 6A 

source distribution written to file 3b141s cycle = 71 

source distribution written to file 3b141s cycle = 74 

source distribution written to file 3b141s cycle = 77 

source distribution written to file 3b141s cycle = 80 

source distribution written to file 3b141s cycle = 83 

t * . * * * t . * . ~ * . * * t * + * * * , " " * * * ~ * * * ~ ~ + ~ ~ , , * ~ . , , * , . * ~ * * * * ~ * * * ~ * * ~ * * . ~ , ~ * * ~ ~ * " * * * * * ~ * * * * * ~ * + * ~ * , ~ + , ~ . , * ' * * ~ . * . * * , * * , * * * * * * * ~ ~  

dump no. 3 on file 3b141r nps = 336243 coll = 46476473 ctm = 30.60 nrn = 800204011 

source distribution written to file 3b141s cycle = 8 6  

source distribution written to file 3b141s cycle = 89 

source distribution written to file 3b141s cycle = 92 

source distribution written to file 3b141s cycle = 95 

seurce distribution written to file 3b141s cyclr = 98 

sstimator cycle 100 ave of 80 cycles combination simple average combined average corr 
klcollision) 0.911142 0.920675 0.0022 .klcol/abs) 0.921119 0.0015 0.921325 0.0014 0.3135 
k(absorption) 0.906522 0.921562 0.0015 k(abs/tk In) 0.920859 0.0015 0.921185 0.0014 0.2454 
kltrk length) 0,908281 0.920155 0.0023 k(tk ln/col) 0.920415 0.0022 0.920678 0.0022 0.9657 
rem lifelcol) 2.8103Ec04 2.75058+04 0.0028 k(col/abs/tk In) 0.920797 0.0017 0.921114 0.0014 
rem lifelabs) 2.7951E+04 2.74918+04 0.0026 life(col/abs) 2.74983+04 0.0027 2.7488E+04 0.0027 0.9666 
source points generated 3817 

source distribution written to file 3b141s cycle = 1b1 

source distribution written to file 3b141s cycle = 104 

source distribution written to file 3b141s cycle = 107 

source distribution written to file 3b141s cycle = 110 

source distribution written to file 3b141s cycle = 113 

estimator cycle 116 ave of 96 cycles combination simple average combined average corr 
klcollision) 0.928203 0.920912 0.0019 k(col/abs) 0.921302 0.0013 0,921434 0.0013 0.2524 
klabsorption) 0,916327 0.921692 0.0015 klabs/tk In) 0.921080 0.0014 0.921309 0.0013 0.1962 
kltrk length) 0.928079 0.920469 0.0020 kltk ln/col) 0.920691 0.0019 0.920984 0.0019 0.9621 
rem life(co1) 2.7704E+04 2.74683+04 0.0027 k(col/abs/tk In) 0.921024 0.0015 0,921337 0.0013 



rem life(abs) 2.7456E+04 2.7451E+04 0.0025 
source points generated 4062 

source distribution written to file 3b141S 

estimator cycle 117 ave of 97 cycles 
k(co1lision) 0.909196 0.920791 0.0019 
k!absorptionl 0.908377 0.921554 0.0015 
kitrk length) 0.905371 0.920314 0.0020 
rem life(co1j 2.7520E+04 2.7469E+04 0.0026 
rem life(abs) 2.7457Ec04 2.7452Ec04 0.0025 
source points generated 3864 

estimator cycle 118 ave of 98 cycles 
k(col1ision) 0.929376 0.920879 0,0019 
klabsorption) 0.941416 0.921757 0.0015 
klrrk length) 0.936169 0.920475 0.0020 
rem life(co1) 2.6241E+04 2.7456E+04 0.0026 
rem life(abs) 2.6442Ec04 2.7441Ec04 0.0025 
seurce points generated 4116 

estimator cycle 119 ave of 99 cycles 
k ( col 1 is i o n )  0.928809 0.920959 0.0019 
kiabsorgtion) 0.946222 0.922004 0.0015 
k(trk length) 0.929556 0.920567 0.0020 
rem life(co1) 2.7052E104 2.74528+04 0.0026 
rem life(abs) 2.7167E+04 2.7438E+04 0.0025 
source points generated 4040 

source distribution written to file 3b141.s 

estimator cycle 120 ave of 100 cycles 
k(col1ision) 0.909018 0.920840 0.0019 
k(absorption) 0.920665 0.921991 0.0015 
k(trk length) 0.903955 0.920401 0.0020 
rem lifelcol) 2.6157B+04 2.7439B+04 0,0026 
rem lifelabs) 2.6573€+04 2.7430Et04 0.0025 
source points generated 3843 

source distribution written to file 3b141s 
lproblem sumiary 

run terminated when 120 kcode cycles were done. 

k eff, 2659 of 13-239 in cellulose spheres in 2.5 c. 
0 
neutron creation tracks weight energy 

(per source particle) 

.murc~  480568 9.98R2E-01 2.1112€+00 

lifelcol/abs) 2.74601+04 0,0026 2.7444E+04 0.0025 0.9710 

cycle = 116 

combination simple average combined average corr 
k (col /abs 1 0.921173 0.0013 0.921302 0.0013 0.2575 
klabs/tk In) 0.920934 0.0014 0.921167 0.0013 0.2031 
k(tk ln/col) 0.920552 0.0019 0.920877 0 . 0 0 1 9  0.9622 
k(col/abs/tk In) 0.920886 0.0015 0.921205 0.0013 
life(col/abs) 2.7460E+04 0.0025 2.7444E+04 0.0025 0.9710 

combination simple average combined average corr 
klcol/abs) 0.921318 0.0013 0,921462 0.0013 0.2619 
k(abs/tk In) 0.921116 0.0014 0,921354 0.0013 0.2133 
k(tk ln/col) 0.920677 0.0019 0,920960 0.0019 0.9617 
k(col/abs/tk In) 0.921037 0.0015 0.921403 0.0013 
lifelcol/abs) 2.7449E+04 0.0025 2.74346+04 0.0025 0.9715 

combination simple average combined average corr 
k(col/abs) 0.921482 0.0013 0.921643 0.0013 0.2657 
k(abs/tk In) 0.921286 0.0014 0,921542 0.0013 0.2186 
k(tk ln/col) 0.920763 0.0019 0.921039 0.0019 0.9618 
k(col/abs/tk In) 0.921177 0.0015 0,921592 0.0013 
life(col/absl 2.7445E+04 0.0025 2.7432E+04 0.0025 0.9715 

cycle = 119 

combination simple average combined average corr 
k(col/abs) 0.921415 0.0013 0.921595 0.0013 0.2657 
k(abs/tk In) 0.921196 0.0013 0.921483 0.0013 0.2186 
k(tk ln/col) 0.920620 0.0019 0,920938 0.0019 0.9618 
k(col/abs/tk In) 0,921077 0.0015 0.921542 0,0013 
life(col/abs) 2.7434E+04 0.0025 2.7424E104 0.0024 0.9708 

cycle = 120 

wight window 0 0. 0. 
cell importance 0 0. 0. 
weight cutoff o 9.9774~-02 3. ~ ~ R O E - O ~  
energy importance 0 0. 0. 
dxt ran  0 0. 0. 
forced collisions 0 0. 0. 

foot of pure celulose 

neutron loss 

escape 
energy cutoff 
time cutoff 
weight window 
cell importance 
weight cutoff 
energy importance 
dxttan 
forced collisions 

03/06/01 14:15:45 
prohid = 03/06/01 13:31:59 

tracks weight energy 
(per source particle) 

0 
0 
0 
0 
0 

480569 
0 
0 
0 

0. 
0. 
0. 
0. 
0. 
9.9979E-02 
0. 
0. 
0. 

0. 
0 .  ’ 

0. 
0. 
0. 
3.7981E-08 
0. 
0. 
0. 

I 
02; 

0 
rn 
m 

I 
0 
0 
r 



exp. transform 0 0. 0. exp. transform 0 0. 0. 
upsca t t er ing 0 0. 7.1246E-07 downscattering 0 0. 2.0893E+00 

capture 0 6.79933-01 1.9863E-02 
(n.xn1 2 2.9618E-06 1.5444E-06 loss to (n,xnl 1 1.48093-06 9.7671E-06 
Ei ssion 0 0. 0. loss to fission 0 3.1869E-01 2.0000E-03 

total 480570 l.O986E+OO 2.1112Et00 total 480570 1.0986E+00 2.1112E+00 

number O F  neutrons banked 1 average lifetime, shakes cutofEs 
neutron tracks per source particle 1.0000E+00 escape 0.0000E+OO tco 1.0000€+34 
neutron collisions per source particle 1.3829E+02 capture 2.7397E+04 eco 0.0000E+00 
total neutron collisions 66457411 capture or escape 2.73973+04 wcl -5.0000E-01 
net multiplication 1.0000E+00 0.0000 any termination 3.3674E+04 WC?: -2.5000E-01 

computer time so far in this run 43.77 minutes 
computer time in mcrun 43.76 minutes 
source particles per minute 1.0982E+04 
random numbers generated 1144246788 

range of sampled source weights = 9.4429E-01 to 1.1357Et00 
lneutron activity in each cell 

cracks 
cell entering 

' 1  1 0 
2 2  7466 
4 4  636203 
5 ' 5  624963 
6 6 1092431 
7 7  0 

total 2361063 
lkeff results for: k efE, 

population collisions 

0 0 
3064 188076 

289632 5048980 
285804 4949566 
434628 56270789 

0 0 

1013128 66457411 
265g of Pu-239 in cellulos 

maximum number ever in bank 1 
bank overflows to backup file 0 
field length 0 
most random numbers used was 24077 i n  history 107419 

print table 126 

collisions number flux average average 
weight weighted weighted track weight track mEp 

(per history) energy energy lrelativel lcml 

0.0000Et00 0.0000E+OO O.OOOOE+OO 0.0000E+00 0.0000E+00 
1.7350E-01 '3.1138E-05 2.07293-01 4.6395E-01 1.9929E+00 
8.7270E+OO 3.4232E-04 7.3321E-01 8.9420E-01 3.3870E+00 
8.5470E+00 3.42823-04 7.3256E-01 8.9369E-01 3.38393+00 
6.5748E+bl 4.93403-05 2.6423E-01 6.05633-01 1.9767E+00 
O.OOOOE+OO 0.0000E+00 0.0000E+00 0.0000E+00 0.0000Ec00 

8.3196E+01 
e spheres in 2.5 c. foot of pure celulose probid = 03/06/01 13:31:59 

the initial fission neutron source distribution used the 2 source points that were input on the ksrc card. 
the criticality problem was scheduled to skip 20 cycles and run a total of 120 cycles with nominally 4000 neutrons per cycle. 
this problem has run 20 inactive cycles with 80165 neutron histories and 100 active cycles with 400403 neutron histories. 

this calculation has completed the requested number of keff cycles using a total of 480568 fission neutron source histories. 
all cells with fissionable material were sampled and had fission neutron source points. 

the results of the w test for normality applied to the individual collision, absorption. and track-length kef€ cycle values are: 

the kl collision) cycle values appear normally distributed at the 95 percent confidence level 
the k(absorption) cycle values appear normally distributed at the 95 percent confidence level 
the k(trk length) cycle values appear normally distributed at the 95 percent confidence level 

I I 
I I 
I I 

1 the final estimated combined collision/absorption/track-length keff = 0.92154 with an estimated standard deviation of 0.00120 I 
*I the estimated 6 8 .  95, & 99 percent keff confidence intervals are 0,92034 to 0,92274, 0.91915 to 0.92393. and 0.91837 to 0,92471 I 

I' 



C 

I the estimated collision/absorption neutron removal lifetime = 2.74E-04 seconds with an estimated standard deviation of 6.718-07 
I ________._______________________________-----------------.------------------------------------------------------------------------- 

the estimated average kerfs, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

corr 99% confidence 68% confidence 95% confidence ke f f est irna t or keff standard deviation 

collision 0.92084 0.00170 0,91913 to 0,92255 0.91744 to 0.92423 0,91634 to 0,92534 
absorption 0,92199 0.00135 0.92064 to 0.92334 0.91931 to 0.92467 0.91843 to 0,92555 

track length 0,92040 0.00181 0.91859 to 0.92221 0.91680 to 0.92400 0,91563 to 0.92517 
col/absorp 0.92159 0.00119 0.92040 to 0,92279 0.91922 to 0.92397 0.91845 to 0,92474 0,2657 
abs/trk len 0.92148 0.00119 0.92029 to 0.92268 0.91910 to 0.92386 0.91833 to 0.92464 0.2186 
col/trk len 0.92094 0.00172 0.91922 to 0.92266 0.91752 to 0.92436 0.91640 to 0.92547 0,9618 

col;abs/trk len 0,92154 0.00120 0.92034 to 0,92274 0.91915 to 0,92393 0,91837 to 0.92471 

i f  the largest of each kef€ occurred on the next cycle, the keff results and 68, 95, and 99 percent confidence intervals would be: 

68% confidence 95% confidence 99% confidence kef f estimator keff standard deviation 

collision 0,92125 0.00174 0.91951 to 0.92298 0.91779 to 0.92470 0,91666 to 0.92583 
absorption 0,92229 0.00137 0.92092 to 0.92366 0.91957 to 0,92501 0.91868 to 0.92590 

track length 0.92084 0.00184 0.91899 to 0.92268 0.91717 to 0.92450 0.91597 to 0,92570 
col/abs:trk len 0.92191 0.00124 0,92067 to 0,92314 0.91945 to 0.92437 0,91864 to 0.92517 

the estimated collision/absorption neutron lifetimes, one standard deviations, and 68, 95, and 99 percent confidence intervals are: 

,958 confidence 99% confidence 68% confidence type lifetime(sec1 standard deviation 

removal 2.7424E-04 6.7131E-07 2,73573-04 to 2.74918-04 2.72913-04 to 2.7558E-04 2.7247E-04 to 2.7602E-04 
capture 2.7441E-04 5.9772E-07 2.7381E-04 to 2.7500E-04 2.73228-04 to 2.756OE-04 2.72833-04 to 2.7599E-04 
fission 1.4328E-04 3.1968E-07 1.42968-04 to 1.4360E-04 1.4264E-04 to 1.4391E-04 1.4243E-04 to 1.44123-04 
escape 0.0000E+00 0.0000Et00 O.OOOOE+OO to 0.0000Et00 0.0000E+00 to 0.0000E+00 0 . 0 0 0 0 E + 0 0  to 0.0000E+00 

I .~ :~ .? iar i .~  iiidivi<iiial and cornbilled collisiorl/absorpt ion/track-length kef E results for  7 diEferent batch sizes 

cycles per number of average keff estimators and deviations 
keff batch k batches k(co1) st dev k(abs) st dev k(trk) st dev 

1 100 I 0.9208 0.0017 0.9220 0.0013 0.9204 0.0018 
2 50 1 0.9208 0.0016 0.9220 0.0014 0.9204 0.0017 
4 25 1 0.9208 0.0015 0.9220 0.0014 0.9204 0.0b16 
5 20 1 0,9208 0.0019 0.9220 0.0015 0,9204 0.0021 

10 10 0.9208 0.0018 0.9220 0.0013 0.9204 0.0020 
20 5 I 0.9208 0.0008 0.9220 0.0013 0.9204 0.0010 
25 4 I 0.9208 0.0008 0.9220 0.0011 0.9204 0.0006 

lindividual and average keff estimator results by cycle 

keff neutron keff estimators by cycle average keff 
cycle histories k(col1) k(abs) k(track) k(col1) st dev 

1 4000 1 1.04068 1.03928 1.03914 I 
3 3522 I 0.87161 0.91832 0.86809 I 
4 3780 I 0.91922 0,92697 0.92795 
5 4191 I 0.90471 0.92419 0.R9859 1 
2 4236 I 0.91650 0.91520 0,92119 1 

normality average klc/a/tl k(c/a/t) confidence intervals 
co/ab/trk klc/a/t) st dev 95% confidence 99% confidence 

95/95/951 0.92154 0.00120 0.91915-0.92393 
95/95/95( 0.92132 0.00119 0,91894-0.92371 
95/95/951 0.92119 0.00124 0.91862-0.92376 
95/95/95) 0.92148 0.00127 0,91880-0.92415 
95/95/95 0.92168 0.00146 0.91822-0.92513 
95/95/95/ 0.92112 0.00107 0,91649-0.92574 
95/99/951 0.91994 0.00074 0,91059-0.92929 

0.91837-0.92471 
0.91814-0.92451 
0.91770-0.92468 
0.91780-0.92515 
0.91656-0,92679 
0.91046-0.93178 
0.87312-0.96676 

estimators and deviations aver 3e k(c/a/t) 
k(abs) st dev k(track) St dev k(c/a/t) st dev €om 

0 
0 
P 



6 
7 
8 
9 
10 

11 
12 
13 
14 

_ _ _ _ _ _ _ - - _  

45 4068 0.88615 0,92818 0,88950 I 0.91925.0.003'43 0.91872 0.00237 0.91949 0.00377 
46 3855 I 0.90482 0.90802 0.90986 I 0.91870 0.00334 0.91831 0.00231 0.91912 0.00364 
47 4086 I 0.91335 0,90295 0.90898 I 0.91850 0,00322 0.91774 0.00230 0.91874 0.00352 

15 
16 
17 

0.91893 0.00214 20142 
0.91858 0.00210 20185 
0.91802 0.00209 19638 

18 
19 
20 

21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 , 
32 
33 
34 
35 
36 
37 
38 
39 
40 

- _ _ _ _ _ _ _ _ _  

4045 
4085 
4026 
3985 
3900 

4089 
4030 
3971 
4125 
4019 
3956 
4100 
4113 
4047 
3945 

_ _ _ _ _ _  

0.92919 
0.91998 
0.91353 
0.91056 
0.89666 

0.91047 
0.90402 
0.91958 
0.89942 
0.90430 
0.91382 
0.94130 
0.92792 
0.93126 
0.90144 

- - - - - - - - - 

0.93238 
0.92818 
0.91909 
0.89436 
0.92223 

0.93026 
0.91263 
0.91246 
0.90423 
0.91037 
0.93672 
0.93306 
0.91742 
0.93644 
0.91068 

4207 0.91981 0.93341 0.91062 
3955 i 0.94971 0.94922 0.95184 
4193 1 0.93563 0.91210 0.93594 
3945 0.92220 0.90892 0.93175 
3898 I 0.94457 0,90189 0.94256 
4130 I 0.92981 0.92570 0.93198 

3946 
3935 
3865 
4041 
3879 
4030 
3876 
3958 
4128 
4056 

0.92445 
0.91782 
0.91879 
0.91380 
0.92277 
0.90187 
0.90452 
0.92108 
0.93383 
0.90812 

0.91739 0.92803 
0.91211 0.91688 
0.89855 0.92192 
0.89749 0.91608 
0.92885 0.91290 
0.90537 0.89685 
0.91770 0.90886 
0.92422 0.91975 
0.91759 0.93756 
0.92768 0.90479 

0.91483 0.00209 
0,91098 0.00403 
0.92184 0.01123 
0.92144 0.00871 
0.92615 0.00853 
0.92750 0.00733 
0.92684 0.00639 
0.92881 0.00597 
0.92891 0.00534 

0.92850 0.00484 
0.92761 0.00451 
0.92693 0.00421 
0.92600 0.00400 
0.92578 0.00373 
0.92429 0.00380 
0.92312 0.00375 
0.92301 0.00354 
0.92358 0.00340 
0.92281 0,00331 

0.91830 0.00217 
0.91553 0.00304 
0.91699 0.00260 
0.92027 0.00385 
0.92510 0.00576 
0.92324 0.00521 
0.92145 0.00485 
0.91928 0.00480 
0.91992 0.00434 

0.91969 0.00393 
0.91906 0.00365 
0.91748 0.00371 
0.91605 0.00372 
0.91690 0.00356 
0.91618 0.00341 
0.91627 0.00320 
0.91671 0.00305 
0.91676 0.00289 
0.91731 0.00279 

0.91366 0.00114 
0.91108 0,00267 
0.92437 0.01343 
0.92162 0.01076 
0.92666 0.01013 
0.92798 0.00866 
0.92846 0.00752 
0.93002 0.00681 
0.93022 0.00609 

- - - -_ - -___- -_____ 
0.93002 0.00552 
0.92892 0.00515 
0.92839 0.00477 
0.92751 0.00450 
0.92653 0.00430 
0.92468 0.00443 
0.92375 0.00427 
0.92352 0.00403 
0.92426 0.00388 
0.92329 0,00381 

0.91848 0.00051 
0.91985 0.00106 
0.92536 0.00714 
0.92398 0.00650 
0.92282 0.00573 
0.92264 0.00547 
0.92315 0.00983 

2245650 
411394 
7677 
7872 
8862 
8660 
9985 

. - - - - - - - - 
0.92285 0.00436 
0.92204 0.00404 
0.92130 0.00411 
0.92040 0.00417 
0.92093 0.00379 
0.91956 0.00374 
0.91881 0.00335 
0.91910 0.00312 
0.91928 0.00300 
0.91937 0.00274 

11137 
11894 
10602 
9498 
10766 
10321 
12141 
13185 
13521 
15410 

Y3 c 
1 

0 2  
0 
m 
m 

1 
0 
0 
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59 3875 
60 4191 

61 3818 
62 3909 
63 4229 
64 3938 
65 4183 
66 3836 
61 4043 
68 4006 
69 3882 
70 3970 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _  
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 

81 
82 
83 
84 . 
85 
86 
87 
88 
89 
90 

_ _ _ _ - - - - - _  

4001 
4071 
4027 
4049 
4121 
3878 
4073 
3915 
3980 
4031 

0.94273 
0.89151 

0.87578 
0,93092 
0.92851 
0.94051 
0.90666 
0.91208 
0.92967 
0.92364 
0.90408 
0.91042 

0.90996 
0.92504 
0.91546 
0.93268 
0.90782 
0.94173 
0.93892 
0.92981 
0.92706 
0.91940 

. - - - - - - - - 

. - - - - - - - - 

0.92447 
0.92760 

0.90898 
0.89587 
0,91458 
0.92322 
10.91327 
0.92674 
0.92907 
0.93216 
0.93477 
0.92620 

-___- - - - -  

-___ - - - - -  

0.93942 
0.89222 

0.87965 
0.92277 
0.93636 
0.94128 
0.89829 
0.91304 
0.93615 
0.91969 
0.90207 
0.91054 

. - - - - - - - - -. 

. _ - - - - - - - -. 
0.93890 
0.91982 
0.91387 
0.93413 
0.94437 
0.92215 
0.93014 
0.92514 
0.90256 
0.92314 

0.90597 
0.92285 
0.91542 
0.93216 
0.90843 
0.94364 
0.93622 
0.92863 
0.93043 
0.92068 

0.92285 0.00292 
0.92207 0.00295 

0.92094 0.00309 
0.92118 0.00302 
0.92135 0.00296 
0.92178 0.00292 
0.92145 0.00288 
0.92124 0.00282 
0,92142 0.00277 
0.92147 0.00271 
0,92111 0.00268 
0.92090 0.00263 

_______________--.  

0.92069 0.00259 
0.92077 0.00254 
0,92067 0,00249 
0.92089 0.00246 
0.92065 0.00242 
0.92103 0.00241 
0.92135 0.00239 
0.92149 0.00235 
0.92159 0.00231 
0,92155 0.00227 

0.92099 0.00200 
0.92116 0.00195 

0.92086 0.00193 
0.92027 0,00197 
0.92013 0.00193 
0.92020 0.00189 
0,92005 0,00185 
0.92020 0.00182 
0.92038 0,00179 
0.92063 0.00177 
0.92092 0.00175 
0.92102 0.00172 

0.92137 0.00172 
0.92134 0.00169 
0.92120 0.00166 
0.92144 0.00165 
0.92186 0.00167 
0.92187 0.00164 
0.92201 0.00162 
0.92206 0.00159 
0.92173 0.00160 
0.92176 0,00157 

0.92232 0.00305 
0.92156 0.00306 

0.92054 0.00316 
0.92060 0.00308 
0.92096 0.00303 
0.92142 0.00300 
0.92091 0.00298 
0.92074 0.00291 
0.92107 0.00287 
0.92104 0.00281 
0.92065 0.00278 
0.92045 0.00273 

0.92016 0.00269 
0.92022 0.00264 
0.92013 0.00259 
0.92035 0.00255 
0.92013 0.00252 
0.92055 0.00251 
0.92083 0.00248 
0.92096 0.00244 
0.92112 0.00240 
0.92111 0.00236 

I 0.92094 0.00186 
0.92096 0.00180 

0.92055 0.00179 
0.92010 0.00185 
0.92015 0.00180 

1 0.92030 0.00177 1 0.92005 0.00176 
0.92015 0.00172 
0.92044 0.00169 j 0.92061 0.00167 
0.92075 0.00164 
0.92080 0.00160 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - - -  

_____________-______--. 

0.92097 0.00153 
0.92096 0.00156 
0.92083 0.00153 
0.92106 0.00152 
0.92132 0.00152 
0.92145 0.00149 
0.92161 0,00148 
0.92169 0.00145 
0.92148 0.00144 
0.92150 0.00141 

17169 
17881 

17774 
16157 
16634 
16875 
16695 
17121 
17202 
17378 
17669 
18063 

18125 
18463 
18697 
18596 
18345 
18639 
18709 
19004 
19035 
19393 

. - - _ _ - _ 

. - - - - - - 

3985 
4101 
3906 
4113 
3966 
4140 
4035 
3803 
4070 
3837 

_ _ _ _ - _ _ - _ _ _ _ _ _ _ - - _  
91 4175 
92 3854 
93 4175 
94 3994 
95 3920 
96 4042 
97 4147 
98 3856 
99 4162 
100 3978 

101 3817 
102 4027 
103 3983 
104 3961 
105 4083 
106 4040 
107 3996 
108 3971 
109 3982 
110 3990 

- - - - . - - - - - - - - - - -. 

0,93483 0,95184 0.93116 0,92177 0.00225 0.92225 0.00162 0.92128 0.00233 
0.89633 0.91566 0,90731 0.92136 0.00225 0.92214 0.00160 0.92105 0.00230 
0.90679 0,93489 0.90467 0.92113 0.00222 0.92235 0.00159 0.92079 0.00228 
0.91477 0.90659 0.91744 0.92103 0.00219 0.92210 0.00158 0.92074 0.00224 
0.93560 0.94736 0.93327 I 0.92125 0.00217 0.92249 0.00161 0.92093 0.00222 
0.96176 0.92575 0.96003 I 0.92186 0.00222 0.92254 0.00158 0.92153 0.00226 
0.91780 0.92042 0.91450 1 0.92180 0.00219 0.92251 0.00156 0.92142 0.00223 
0.92843 0,91875 0.93166 I 0.92190 0.00216 0.92245 0.00154 0.92157 0.00220 
0.89429 0.90245 0.88809 I 0.92150 0.00216 0.92216 0.00154 0.92109 0.00222 
0.92652 0.90886 0.93017 I 0.92157 0,00213 0,92197 0.00153 0,92122 0.00220 

0.89546 0,91602 0,89511 1 0.92120 0.00214 0.92183 0.00151 0,92085 0.00220 
0.92464 0.92764 0.92908 1 0.92125 0.00211 0.92197 0.00149 0.92096 0.00217 
0.91720 0.92897 0.92030 I 0.92120 0.00208 0.92206 0,00148 0.92095 0.00214 
0.89044 0,90554 0.88387 0.92078 0.00209 0,92184 0,00147 ’ 0.92045 0,00217 
0.89758 0.90172 0.89175 0,92047 0.00209 0,92157 0,00148 0,92007 0,00217 
0.93867 0.91180 0.94075 0,92071 0.00207 0.92144 0.00146 0.92034 0,00216 
0.89978 0.91737 0.90300 0,92044 0.00206 0.92139 0,00145 0.92012 0,00214 
0.93669 0.93174 0.93505 I 0.92065 0.00205 0.92152 0.00143 0,92031 0.00213 
0.93235 0.93962 0.92009 1 0.92080 0.00203 0.32175 0.00143 0.92031 0.00210 
0.91114 0.90652 0.90828 I 0.92068 0.00201 0.92156 0,00143 0.92016 0,00208 

0.91708 0.95244 0.91334 I 0.92063 0.00198 0,92194 0.00146 0,92007 0.00205 
0.92751 0.93700 0.92316 I 0.92071 0.00196 0,92213 0.00145 0.92011 0.00203 
0.91519 0.91962 0.90670 I 0.92065 0.00194 0,92210 0.00144 ‘0.91995 0.00201 
0.93312 0.92239 0.93428 1 0.92080 0.00192 0.92210 0.00142 0.92012 0,00199 
0.91578 0.92499 0.90831 0.92074 0.00190 0,92213 0.00140 0.91398 0.00198 
0.92772 0.93322 0.93052 0.92082 0.00188 0.92226 0.00139 0.92010 0.00196 
0.91629 0.88866 0.90907 0.92077 0.00186 0.92188 0.00143 0.91997 0,00194 
0.90924 0.93128 0.91165 I 0.92064 0.00184 0,92198 0.00142 0.91988 0.00192 
0.89758 0.91503 0.90723 I 0.92038 0.00184 0.92191 0.00140 0.91974 0.00190 
0.89477 0.93107 0.89108 I 0.92009 0.00184 0.92201 0.00139 0,91942 0.00191 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.92187 0.00145 
0.92176 0.00142 . 
0.92182 0.00140 
0.92163 0.00139 
0,92194 0.00141 
0.92214 0.00140 
0.92208 0.00138 

1 0.92210 0.00136 
0.92177 0.00139 I 0.92167 0.00138 

I 0..92152 0.00137 
I 0.92163 0,00135 
1 0.92171 0.00133 
I 0.92143 0.00135 
I 0.92115 0.00137 i 0.92113 0.00135 

0.92103 0.00134 
0.92118 0.00133 
0.92129 0,00132 I 0.92111 0.00132 

I 0.92133 0.00133 
1 0.92145 0.00132 
I 0.92138 0.00131 
I 0.92144 0.00130 i 0.92142 0.00129 

0.92156 0.00128 
0.92129 0.00130 

I 0.92134 0.00129 
1 0.92122 0.00128 
I 0.92119 0.00126 

18194 
18524 
18754 
18757 
18011 
17979 
18185 
18515 
17375 
17603 

17587 
17770 
17963 
17152 
16438 
16696 
16843 
16871 
16794 
16636 

16186 
16178 
16233 
16440 
16555 
16603 
15711 
15896 
16072 
16176 

- - - - - - _ - 

- - _ - - - - 

- - - - - - - - 

I 
0 2  

c, 
0) 
M 
I 
0 
0 
P 



111 
112 
113 
114 
115 
116 
117 
118 
119 

3981 1 0.93413 
4202 I 0.94108 
4070 I 0,93273 
4046 I 0.94199 
4059 I 0.92114 
3881 I 0.92820 
4062 1 0.90920 
3864 0.92938 
4116 I 0.92881 
4040 1 0.90902 

0.89330 
0.91539 
0.91851 
0.94028 
0.91793 
0.91633 
0.90838 
0.94142 
0.94622 
0.92066 

0.93534 
0.95079 
0.93243 
0.95025 
0.92041 
0.92808 
0.90537 
0.93617 
0.92956 
0.90396 

I 0.92025 0.00182 
I 0.92047 0.00182 

0.92060 0.00180 
0.92083 0.00180 
0.92084 0.00178 I 0.92091 0.00176 
0.92079 0.00175 

I 0.92088 0.00173 
I 0.92096 0.00172 
I 0.92084 0.00170 

0.92169 0.00141 
0.92162 0.00140 
0.92159 0.00138 
0.92179 0.00138 
0.92175 0.00137 
0.92169 0.00136 
0.92155 0.00135 
0.92176 0,00135 
0.92200 0.00136 
0.92199 0.00135 
. - - - - - - - - - - - - - - 

0.91959 0.00189 
0.91993 0.00190 
0.92007 0.00189 
0.92039 0.00189 
0.92039 0.00187 
0.92047 0.00186 
0.92031 0.00184 
0.92048 0.00183 
0.92057 0.00182 
0.92040 0.00181 _ - _ _ - _ _ _ _ _ _ _ _ _ - - - - _  

1 0.92100 0.00126 
1 0.92108 0.00124 

0.92110 0.00123 
0.92138 0.00123 
0.92135 0,00122 

I 0.92134 0.00121 
I 0.92120 0.00120 
I 0.92140 0.00120 
I 0.92159 0.00121 
I 0.92154 0.00120 

16150 
16407 
16595 
16232 
16398 
16585 
16501 
16348 
16087 
16185 

_ _ _ _ _ -  

the largest active cycle keffs by estimator are: the smallest active cycle keffs by estimator are: 

collision 0.96184 on cycle 48 collision 0.87578 on cycle 61 
absorption 0,95244 on cycle 101 absorption 0.88866 on cycle 107 

track length 0.96426 on cycle 24 track length 0.87965 on cycle 61 
l p l o t  of the estimated col/abs/track-length keff one standard deviation interval versus cycle number ( 1  = final keff.= 0.92154) 

cycle 
number 

26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
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45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
5 5  
56 
57 
58 
59 
60 
61 

active 0.91 
cycles I - _ _ _ _ _ _ - _ _ _ _ - - - _  

6 1  
7 1  
8 1  
9 1  
10 I 
11 I 
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15 + 
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18 I 
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6 6  
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7 0  
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7 2  
7 3  
7 4  
7 5  
7 6  
7 7  
7 8  
7 9  
8 0  
8 1  
82 
83  
8 4  
8 5  
8 6  
8 1  
8 8  
8 9  
9 0  
9 1  
9 2  
9 3  
9 4  
9 5  
9 6  
9 7  
9 8  
99  

1 0 0  
101 
102 
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104 
1 0 5  
1 0 6  
1 0 7  
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111 
1 1 2  
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119  
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86  I 
87  I 

85 + 

9 2  I 
93  I 
9 4  I 
9 6  I 
97  I 
9 8  I 
9 9  I 

9 5  + 

- -_ -  

t 

+ 

+ 

t 

I 
02; 

0 rn 
PI 
I 
0 
0 



0 : 9 1  0192 0 : 9 3  0 .94  
lindividual and collision/absorption/track-length keffs for different numbers of inactive cycles skipped for fission source settling 

0.9202 0 . 0 0 1 8  
0 . 9 2 0 0  0 . 0 0 1 8  
0 . 9 1 9 7  0 .0018 
0.9193 0 . 0 0 1 9  
0 . 9 1 9 2  0 .0019 
0 .9192 0 . 0 0 1 9  

skiu active active average keff estimators and deviations normalitv averaae klc/a/t) k(c/a/t) confidence intervals 

9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  

0 120 
1 119 
2 118 
3 117 
4 116 
5 115 
6 114 
7 113 
8 112 
9 111 

1 0  110 

11 109 
12  108 
13  107 
14  106 
1 5  105 
1 6  104 
1 7  103 
18  102 
19  ’ 1 0 1  
2 0  100’  

22 98 
24 96 
2 6  94 
28  92 
30 90 
32 88 
34 8 6  
36  84 
38 82 
40 80 

._____________-_ 

_ _ _ _ _ _ _ - - _ _ - _ - - _  

68 272545 
66 264778 
64 256612 
62 248456 

cycles cycles neutrons k(co1) st dev k(abs) st dev k(trk) st dev 

0.9204 0 . 0 0 2 0  
0 .9205 0 . 0 0 2 0  
0 . 9 2 0 1  0 . 0 0 2 0  
0 .9199 0 . 0 0 2 1  

4805681 0 . 9 2 0 5  0 . 0 0 1 8  
476568 0 .9195 0 .0016 
472332 0 .9195 0 .0016 
468810 0 . 9 1 9 9  0 . 0 0 1 5  
465030 0.9199 0 .0015 
4608391 0 . 9 2 0 1  0 .0016 
456794 0 . 9 2 0 0  0 .0016 
4527091 0 .9200 0 . 0 0 1 6  
4486831 0 . 9 2 0 0  0 . 0 0 1 6  
444698 0 . 9 2 0 1  0 .0016 
440’198 I 0 .9203 0 . 0 0 1 6  

4367091 0 .9204 0 . 0 0 1 6  
4326791 0 . 9 2 0 6  0 .0016 
4287081 0 .9206 0.0016 
4245831 0 . 9 2 0 8  0 . 0 0 1 6  
4205641 0 .9209 0 .0017 
4166081 0 . 9 2 1 0  0 .0017 
4125081 0 .9208 0 .0017 
4083951 0 .9208 0 .0017 
404348 0 .9206 0 .0017 
4004031 0 . 9 2 0 8  0 .0017 

_______________- - - - - - - -  

0.9227 0 .0015 
0 .9217 0 .0022 
0.9218 0 .0012 
0 .9218 0 .0012 
0 .9218 0 .0012 
0 .9217 0 .0012 
0.9216 0.0013 
0 .9216 0.0013 
0 .9216 0 . 0 0 1 3  
0 .9219 0 .0013 
0 .9218 0.0013 

0 .9218 0.0013 
0 .9219 0.0013 
0.9219 0 .0013 
0 . 9 2 2 1  0 .0013 
0 .9222 0.0013 
0 . 9 2 2 1  0 .0013 
0 .9220 0 . 0 0 1 3  
0 .9220 0 .0013 
0.9219 0.0013 
0 .9220 0.0013 

. - - - - - - - - - - - - - - - . 

3924421 0 . 9 2 1 0  0 . 0 0 1 7  
3844311 0 . 9 2 0 8  0 .0017 
376269 0 .9205 0 .0017 
368131 0 .9203 0 . 0 0 1 8  
360103 0 .9199 0 . 0 0 1 8  
3522221 0 .9199 0 . 0 0 1 8  
3443161 0 . 9 2 0 0  0 . 0 0 1 9  
3364071 0.9202 0 .0019 
328573 0 .9204 0 .0019 
3203891 0 .9203 0 . 0 0 2 0  _ _ _ _ _ _  

42 
44 
46 
48 
50  
52 
54 
56  
58 
60 

0 . 9 2 2 1  0 .0014 
0 .9222 0.0014 
0 .9218 0 .0014 
0 .9220 0 . 0 0 1 4  
0 .9222 0 .0014 
0 .9224 0 .0014 
0.9230 0 . 0 0 1 4  
0 .9231 0 .0014 
0 . 9 2 3 1  0 .0015 
0 .9232 0 .0015 

0 .9231 0.0015 
0 .9231 0 .0016 
0.9233 0 .0016 
0.9234 0.0016 
0.9234 0.0017 
0 . 9 2 3 1  0 .0017 
0 .9229 0 .0017 
0 . 9 2 3 1  0 . 0 0 1 8  
0.9227 0 .0018 
0.9225 0 .0018 

0 .9203 0 . 0 0 1 9  
0.9193 0 . 0 0 1 6  
0.9193 0 .0017 
0 .9197 0 . 0 0 1 6  
0 .9197 0 . 0 0 1 6  
0 .9199 0 . 0 0 1 6  
0 .9198 0 . 0 0 1 6  
0 . 9 1 9 8  0 .0017 
0 .9199 0 .0017 
0 . 9 2 0 0  0 .0017 
0 .9202 0 .0017 

0 .9203 0 . 0 0 1 7  
0 . 9 2 0 4  0 .0017 
0 . 9 2 0 3  0 . 0 0 1 7  
0 .9204 0 .0017 
0 .9206 0 .0017 
0 . 9 2 0 6  0,. 0018 
0 .9204 0 .0018 
0 .9203 0 .0018 
0 .9203 0 .0018 
0 .9204 0 .0018 

co/ab/tl- 

no/no/no 
9 5 / 9 5 / 9 5 1  
95 /95 /951 
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5 1  

9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5 1  
9 5 / 9 5 / 9 5  
95 /95 /951 
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  
9 5 / 9 5 / 9 5  

_ _ _ _ _ _ _ _ _ _  

k(c/ajt) st dev 

0.92198 0.00147 
0.92098 0 .00109 
0.92102 0.00110 
0.92113 0 .00109 
0 .92109 0 .00110 
0.92112 0 . 0 0 1 1 1  
0.92104 0.00112 
0 . 9 2 1 0 1  0 .00112 
0 .92105 0.00113 
0.92127 0.00113 
0 . 9 2 1 3 1  0 .00113 

0.92130 0 .00114 
0.92139 0.00115 
0.92144 0.00116 
0 .92161 0 .00116 
0.92174 0 .00116 
0 . 9 2 1 6 6  0.00117 
0 . 9 2 1 5 1  0.00118 
0 . 9 2 1 5 1  0.00119 
0 .92140 0.00119 
0 .92154 0 .00120 

0 .92163 0.00122 
0 .92161 0.00124 
0 .92125 0 .00122 
0.92134 0 .00125 
0.92133 0.00128 
0.92144 0 .00131 
0 . 9 2 1 9 3  0 .00132 
0.92209 0.00132 
0 .92218 0 ,00135 
0 .92218 0.00139 

0 .9199 0 .0020 195/95 /951 0.92214 0 . 0 0 1 4 1  
0.9203’  0 . 0 0 2 1  195/95 /951 0.92233 0.00143 
0 .9209 0 . 0 0 2 1  9 5 / 9 5 / 9 5  0 .92266 0.00145 
0 . 9 2 0 4  0 . 0 0 2 1  1 9 5 / 9 5 / 9 5 /  0.92253 0.00145 
0 .9203 0 . 0 0 2 1  195/95 /95  0.92247 0 ,00147 

0 .9195 0 .0022 ) 9 5 / 9 5 / 9 5 1  0 .92163 0 .00154 
0 . 9 1 9 6  0 .0022 195/95 /951 0.92155 0 .00157 

95% confidence 99% confidence 

0.91905-0.92492 0 .91809-0 .92588 
0 ,91881-0 .92315 0 .91810-0 .92386 
0 .91883-0 .92321 0 ,91812-0 .92392 
0 .91895-0 .92331 0 ,91824-0 .92402 
0 .91889-0 .92328 0 .91818-0 .92400 
0 ,91891-0 .92333 0.91819-0.92406 
0 .91881-0 .92326 0 .91809-0 .92398 
0.91877-0.92326 0 ,91804-0 .92399 
0 .91879-0 .92331 0 .91805-0 .92404 
0 .91902-0 .92351 0 .91829-0 .92424 
0.91905-0.92357 0 . 9 1 8 3 1 - 0 . 9 2 4 3 1  

0 .91902-0 .92358 0 , 9 1 8 2 7 - 0 . 9 2 4 3 2  
0 .91909-0 .92368 0 ,91834-0 .92443 
0.91912-0.92375 0 . 9 1 8 3 6 - 0 . 9 2 4 5 1  
0 .91930-0 .92393 0 ,91855-0 .92468 
0.91942-0.92406 0 . 9 1 8 6 6 - 0 . 9 2 4 8 1  
0 .91932-0 .92400 0.91856-0.92476 
0 .91917-0 .92386 0 .91841-0 .92462 
0 .91914-0 .92388 0 .91837-0 .92465 
0 .91903-0 .92378 0 .91825-0 .92456 
0 .91915-0 .92393 0 . 9 1 8 3 7 - 0 . 9 2 4 7 1  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

_ _ _ _ _ _ _ _ _ _ _ - _ - - - -  
0 .91920-0 .92407 
0 .91915-0 .92407 
0 .91882-0 .92368 
0.91885-0.92384 
0.91878-0.92389 
0 .91883-0 .92405 
0 .91931-0 .92455 
0.91946-0.92472 
0 .91949-0 .92487 
0 .91941-0 .92494 

0.91932-0.92496 
0 .91947-0 .92518 
0 .91977-0 .92556 
0.91964-0.92542 
0 .91952-0 .92541 
0 .91914-0 .92505 
0 .91896-0 .92498 
0 .91894-0 .92503 
0 .91855-0 .92472 
0 .91840-0 .92469 

__________- - - - - - -  

0 .91841-0 .92486 
0 .91835-0 .92488 
0 .91802-0 .92447 
0 .91804-0 .92465 
0 .91795-0 .92472 
0.91797-0.92490 
0 . 9 1 8 4 5 - 0 . 9 2 5 4 1  
0.91860-0.92558 
0 .91861-0 .92575 
0 .91851-0 .92584 

0 .91840-0 .92588 
0.91854-0.92612 
0 .91882-0 .92651 
0 .91869-0 .92637 
0 .91856-0 .92638 
0 .91817-0 .92602 
0 .91796-0 .92597 
0 .91794-0 .92604 
0 .9  17  53 - 0 ..92 573 
0 .91736-0 .92573 

_ _ - - _ _ - _ _ _ - _ _ - - -  

62 58 2326631 0 . 9 2 0 6  0 . 0 0 2 0  0 .9232 0 .0018 0 .9203 0 .0022 9 5 / 9 5 / 9 5 1  0 ,92212 0 ,00154 0 ,91903-0 .92520 0 . 9 1 8 0 1 - 0 . 9 2 6 2 2  
64 56 2244961 0 . 9 2 0 1  0 . 0 0 2 0  0.9234 0 . 0 0 1 9  0 . 9 1 9 6  0 .0022 195/95 /951 0 .92200 0 .00160 0 ,91879-0 .92520 0 .91773-0 .92627 

2164771 0 . 9 2 0 5  0 . 0 0 2 1  0 .9235 0 .0019 0 . 9 2 0 1  0 .0023 9 5 / 9 5 / 9 5  0 .92219 0.00164 0 ,91890-0 .92548 0 .91781-0 .92658 
2 0 8 4 2 8 )  0 .9203 0 . 0 0 2 1  0 .9232 0 .0020 0 . 9 1 9 8  0 .0023 9 5 / 9 5 / 9 5  0.92195 0.00169 . 0 . 9 1 8 5 4 - 0 . 9 2 5 3 5  0 .91741-0 .92649 
2005761 0 .9208 0 . 0 0 2 2  0.9230 0 . 0 0 2 1  0 .9204 0 . 0 0 2 4  i i  9 5 / 9 5 / 9 5  0 .92202 0 ,00175 0 ,91850-0 .92555 0 .91732-0 .92673 

6 6  54 
68 52 
7 0  50 

. \ *  , 



. .  

192504 
184428 
176429 
168441 

72 
74 
76 
78 
80 

82 
84 
86 
88 
90 
92 
94 
96 
98 

100 

- - - - - - - 

0.9209 0.0023 
0.9208 0.0024 
0.9206 0.0024 
0.9199 0.0025 

48 
46 
44 
42 
40 

38 
3 6  
34 
32 
30 
28 
26 
24 
22 
20 

.-___. 

95/95/95 
95/95/95 
95/95/95 
95/95/95 

0.92185 0.00187 
0.92151 0.00195 
0.92104 0.00201 
0.92127 0.00212 

102 18 
104 16 
106 14 
108 12 
110 10 
112 8 
114 6 
116 4 
117 3 
118 2 _ _ _ _ - - - - _ _ _ _ _ _  

72327 
64383 1 
56260 
48293 I 
40321 I 
321381 
24022 1 
16082 
12020 
8156 I _ _ _ - _ _ _ - _ _ - _  

. - - - - - - - - - - - - - - - . 
0.9214 0.0033 
0.9211 0,0036 
0.9210 0.0041 
0.9223 0.0046 
0.9276 0.0036 
0.9251 0.0040 
0.9210 0.0039 
0.9191 0.0058 
0.9224 0.0067 
0.9189 0.0099 

. - - - - - - - - - - - - - - - . 

0.9227 0.0021 
0.9226 0.0022 
0.9222 0.0023 
0.9219 0.0024 
0.9223.0 I 0024 

0.9217 0.0024 
0.9218 0.0025 
0.9209 0.0025 
0.9210 0.0027 
0.9220 0.0028 
0.9221 0.0029 
0.9224 0.0031 
0.9237 0.0032 
0.9236 0.0035 
0.9237 0.0036 

0.9214 0.0036 
0.9214 0.0040 
0.9203 0.0045 
0.9220 0.0044 
0.9218 0.0052 
0.9262 0.0050 
0.9252 0.0062 
0.9292 0.0089 
0.9361 0.0078 
0.9334 0.0128 

_ _ _ _ _ _ _ _ _ _ _ _ - _ -  

. - - - - - - - - - - - - - - . 

0.9206 0.0025 
0.9205 0.0026 
0.9202 0.0026 
0.9196 0.0027 
0.9193 0.0028 

0.9193 0.0029 
0.91.98 0.0031 
0.9182 0.0030 
0.9179 0.0032 
0.9185 0.0032 
0.9190 0.0033 
0.9203 0.0033 
0.9206 0.0032 
0.9207 0.0033 
0.9214 0.0036 

-_____-_-------  

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
0.9217 0.0040 95/95/95 
0.9219 0.0043 195/95/951 

0.9258 0.0055 95/95/95 
0.9206 0.0054 95/95/95 
0.9188 0.0083 99/95/95 
0.9232 0.0098 
0.9168 0'.0128 _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  

0.92109 0.00236 
0.92040 0.00265 
0.91925 0.00301 
0.92053 0.00359 
0.92347 0.00199 
0.92387 0.00217 
0.92224 0.00298 
0.91397 0.00579 

0.91827-0.92560 
0.91806-0.92563 
0.91758-0.92544 
0.91697-0.92510 
0.91699-0.92556 

0.91704-0.92683 
0.91679-0.92690 
0.91625-0.92677 
0.91559-0.92648 
0.91553-0.92702 

0,91710-0.92547 
0.91726-0.92600 
0.91610-0.92446 
0.91572-0.92468 
0.91628-0.92551 
0.91648-0.92611 
0.91708-0.92683 
0.91748-0.92744 
0.91760-0.92765 
0.91747-0.92731 

0.91567-0.92690 . 
0.91576-0.92750 
0.91466-0.92591 
0.91417-0.92624 
0.91466-0.92713 
0.91478-0.92781 
0.91533-0.92857 
0.91568-0.92924 
0.91576-0.92949 
0.91564-0.92915 

~ 

0.91607-0.92612 
0.91467-0.92613 
0.91263-0.92587 
0.91240-0.92865 
0.91877-0.92816 
0.91830-0.92945 
0.91277-0.93171 
0.84032-0.98761 

0.91415-0.92803 
0.91241-0.92839 
0.90991-0.92859 
0.90885-0.93220 
0.91652-0.93042 
0.91513-0.93262 
0.90486-0.93962 
0.54510-1.28284 

the minimum estimated standard deviation for the col/abs/tl keff estimator occurs with 1 inactive cycles and 119 active cycles 

the first active half of the problem skips 20 cycles and uses 50 active cycles; the second half skips 70 and uses 50 cycles. 
the col/abs/trk-len keff, one standard deviation, and 6 8 ,  95, and 99 percent intervals f o r  each active half of the problem are: 

99% confidence prob 1 em keff standard deviation 68% confidence 95% confidence 

first half 0,92080 0.00160 0.91918 to 0,92241 0.91757 to 0.92402 0.91649 to 0,92510 
second half 0.92202 0.00175 0.92026 to 0.92378 0.91850 to 0.92555 0,91732 t o  0.92673 
final result 0.92154 0.00120 0.92034 to 0.92274 0.91915 to 0.92393 0.91837 to 0.92471 

the first and second half values of k(collision/absorption/track length) appear to be the same at the 6 8  percent confidence level. 
lplot of the estimated col/abs/track-length keff one standard de'viation interval by active cycle number ( 1  = final keff = 0.92154) 

inactive 
cycles 

0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

active 0.916 
cycles I -__--_- - -__--  

120 I 
119 

117 
116 1 
115 1 
114 I 
113 I 
111 + 

118 I 

112 1 
110 I 

0.924 0.926 _ _ _ _  1 
1 

1 
1 
1 
1 
1 
1 
1 
+ 

0 
0 
P 

, 



11 109 I 
12 108 I 
13 107 I 
14 106 1 
15 105 I 
16 104 I 
17 103 I 
19 101 + 
20 100 
21 
22 

24 ' 96 I 
26 
27 
28 92 
29 
30 
31 89 

33 
34 
35 
36 

18 102 I 

E I 
23 97 I 
25 95 I ;: 1 

;i i 
2 I 
:: I 

32 88 I 

37 83 I 
38 82 I 
40 80 I 
41 79 I 
42 78 I 

45 75 I 
46 74 1 
47 73 I 
48 72 I 
50 70 I 

39 81 ' + 

43 77 
44 76 I 

49 71 + 

51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 56 

:; 1 

:; I 

;: i 

64 i 1 
%8 i 

65 55 I 
66 54 I 
67 53 '1 
68 52 I 

+ 



c, 

t 

c 

69 
7 0  
7 1  
72 
73 
74 
75  
7 6  
7 7  
78  
79  
80  
8 1  
82 
83 
84  
85  
86  
A7 
88 
89 
9 0  
9 1  
92 
93 
94 
95  
96  
97 
98  
99 

100 
1 0 1  
102 
103 
104 
105 
106 
107 
108 
109 
110 

5 1  + 

2 j 
48 
47 I 
46 I 
45 I 
44 I 
43 I 
42 I 
4 1  + 

41 37 I 
32 :! I 
3 1  + 

36 I 

30 I 
29 I 
28 I 
27 I 
26 I 
25 
24 I 

15 

t 

+ 

t 

I 
- - I  

0 .926 

*tt.*..~*tt*tt.*tt.t*"**.***.~***.~******..*~***,~*.**~***~~**.*'~,*******~*~~*~,**~******~,***,.****.***+***********~* 

dump no. 4 on file 3b141r nps = 480568 coll = 66457411 ctrn = 4 3 . 7 6  nrn = 1144246788 

2 warning messages so f a r .  

run terminated when 1 2 0  kcode cycles were done 

computer time = 43.77  minutes 

mcnp version 4a 1 0 / 0 1 / 9 3  0 3 / 0 6 / 0 1  1 4 : 1 5 : 4 5  probid = 0 3 / 0 6 / 0 1  1 3 : 3 1 : 5 9  
0 
0 
P 
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Software and Hardware Identification 

The software being tested for validation purposes is MCNP 4A Monte Carlo N-Particle 
Transport Code System. MCNP 4A was developed by the Radiation Transport Group (X-6) of 
the Applied Theoretical Physics Division (X Division) at Los Alamos National Laboratory, Los 
Alamos, New Mexico. The software is distributed by the Radiation Safety Information 
Computational Center (RSICC), Oak Ridge, Tennessee. 

MCNP 4A is a general-purpose, continuos-energy, generalized geometry, time dependent, 
coupled neutron-photonelecuon Monte Carlo transport code system. MCNP 4A treats an 
arbicrary three-dimensional configuration of materials in geometric cells bounded by first- and 
second-degree surfaces and some special fourthdegree surfaces. Pointwise or continuous-energy 
cross section data are used, although muitigroup data may also be used. Fixed-source adjoint 
calculations may be made with the multigroup data option. For neutrons, all reactions in a 
particular cross-section evaluation are accounted for. Both free gas and S(alpha, beta) t hem1  .. 
treatments are used. Criticality sources as well as fixed and surface sources are available. 

MCNP 4A is operable on Cray computers, IBM mainframes, UNIX workstations, VAX 
computers and all computers in general with at least 150 megabytes of hard disk. Executable 
files for the PC version are proved for running on 8MB memory on 80486, 80386 or higher 
computer with a coprocessor. 

Compilation of MCNP requires both FORTRAN 77 and ANSI C standard compilers. The PC 
version requires DOS Version 4 or higher. The PC executables included in the package were 
created with Lahey Forum F77L-EW32 version 5.10 compiler under DOS 6.0. . 

Vaiidation testing is to be performed on a 550-megahem Pentium In PC with 64 MB of random 
access memory and sufficient hard disk space to perform a complete installation. operating in . .  a 
Windows NT environment. 

Pumose and Scow of Testing 

Testing is being performed to validate MCNP 4A for the purpose of estimating neutron 
multiplication factors for systems with low-enriched uranium fuel. 

1 
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RUNPROB 

TESTINP-TAR 

.. 

Script fde for MCNPverification. Named RLJNPROBSYS for 
non-UNIX systems 

Compressed input files for MCNP verifkation. Named 
TESTINP.SYS for non-UNM svstems 

Specific Tests to be Performed 

The test problems for verification included in the MCNP 4A package are to be run. The test 
problems are neither good nor typical examples of MCNP problems: Rather, they are highly 
irregular test configurations designed to exercise as many features as possible. The MPnn files 
are the.same for all systems, but the answers, MCTL?? (?? = 0 1, 02, etc.), differ slightly from 
system to system because of differences in arithmeGc processors. The test set works on the basis 
of "particle tracking" in which the random walks must be identical. 

LJ 

-~ 

TESTOUTP.SYS 

MCNP 4A comes with 25 test problems (TESTINP.TAR) and other files shown in Table 1. 

~~ 

Compressed MCNP output fdes for MCNP verification 

Table 1. Verification files in MCNP 4A package. 

XSDIR Cross-section directory for MCNP verification 

File I Description 

L./' 

TESTMCTL.SYS I Compressed tally output files for MCNP verification ll 

TESTLIB 1 I Cross-section data for MCNP verification 

The system identifier "DOS" for PCs operating in WindowsNT environment is .to be substituted 
for the "SYS" suffix. The following commands will uncornpress the input/output files and 
execute the test problem scrip: 

P W R C  TESTINP.DOS 
PKARC TESTMCTL.DOS 
PKXARC TESTOUP.DOS 
COPY RUNPROB.DOS RUNPROB-BAT 
RUNPROB 

MCNP 4A is to be further validated by calculating the effective neutron multiplication factor for 
U(4.89)09F, solution in a 69 L aiuminum sphere without reflection. The €-I/% atomic ratio is 
524 and % density is 0.0425 g/cm3. 
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Evaluation Methods to be Used 

The script of the test problem for verification included in MCNP 4A packase performs the 
following steps for rhe test problems: 

1. 
2. 
3. 
4. 
5 .  

d 

Execute MCNP for the 1" test problem 
Compare the tally output file (inpOIm) with the standard (mctlO1) 
Compare the output file (inpolo) with the standard (outpOl) 
Remove rhe RUNTPE file (inpOlr) 
Repeat steps 1-4 for each of the rest of 25 test problems 

File comparison results are to be printed out for documentation purposes. 

The calculated effective neutron muitiplication factor for U{4.89)C&F2 solution in a 69 L 
aluminum sphere without a reflector outside is to be compared to the value ktr = 1 published in . 

H.C. Paxton, N.L. Provost. Critical Dimensions of System Containing 'j'U, '39Pu. and "jU, 
LA-lOSO-MS, 1986 Revision, LANL Los Marnos NM. The critical dimension for this sphere 
is based on the Oak Ridge critical experiments. 

AcceDtance Criteria to be Used 

Upon completionof the test problems for verification included into MCNP 4A package, there 
should be 25 inp??m and inp??o files (?? = 01,02, etc.). If any of these are missing, rest ?? failed. 
Differences between these runs and the standard shown up in the DF?? files. Exact tracking is 
required for MCNP 4A verification, thus significant differences (Le., other than round-off in the 
last digit) may prove to be serious (e.g., compiler bugs, etc.). In such cases, the cause of the 
difference should be fully understood. 

In the case of calculating the effective neutron multiplication factor for U(4.89)QF2 solution in 
69 L aluminum sphere without reflection. the MCNP calculated result should fall into the range: 

k, = 1 +- (2a + A kb + oh) 
Where: 
k,, = neutron multiplication factor predicted by MCNP 
(r = standard deviation of MCNP predicted k,, 
1 k, = calculation method bias 
a,, = bias uncertainty 

For the case of low enriched uranium fuel, calculation method bias together with bias uncertainty 
(A kh + rr,) is chosen to be 0.02 based on criticality experiments published in Inrernariona! 
Hutidbook of Ercilirated Criricriliry Slrfery Benchmark Experiments, Voliime IV Low Enriched 
Umniiim SJsrrms, NEA Nuclear Science Committee. OECD Paris 1995. The derivation of 
calculation method bias and bias uncertainty values can be found in Appendix 4. Thus, the 
dcceptance criterion can be modified as: 

3 



kea = I 2 (20 + 0.02) 
Where: 

k,, = neutron multjplication factor predicted by MCNP 
g = standard deviation of MCNP predicted k c ,  

WVNS-NCSE-001 
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Based on the above discussion. and using 0.95 as the established “safe“ threshold neutron 
multiplication factor, the results of MCNP 4A calculations should be compared to a subcritical 
limit of 0.93 (Le. calculated k,+ 20 10.93 and kef + 20 ~0.93)  

If applicable published results of criticality experimentts) involving low’ enriched uranium 
systems without moderation or reflection are found, MCNP4A validation is to be performed 
against one of these experiments also. 

Documentation Reauired 

The file comparison report generated by test problems for.verification included in the MCNP 4A 
package is to be printed out and attached to this document. ’ 

The MCNP input and output files for the calculation of the effective neutron multiplication factor 
for U(4.89)0,F1 solution in a 69 L aluminum sphere without reflector outside are also to be 
printed out and attached to this document. 

u If applicable published results of criticality experiment@) involving low enriched uranium 
systems without moderation or reflection are found, the MCNP input and output files for the 
calculation of the effective neutron multiplication factor associated with one such experiment are 
to be printed out and attached to this document. 

4 
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MCNP 4A SOFTWARE VALIDATION TEST REPORT 
d' 

Test Personnel 

The rest plan was implemented by Igor V. Chichkov of URS. 
; r  

Description of Test Performance 

The MCNP 4A software operatedexecuted well. No difficulties were encountered in this regard. 
The MCNP 4A ddcumentation was adequate for developing input decks and provided adequate 
discussions on those parameters that can significantly impact the calculated outputs. No 
difficulties or problems arose that were not satisfactorily resolved by a close examination of the 
MCNP 4A documentation. The MCNP 4A documentation and sample problems were of 
sufficient quality to provide a high degree of confidence that the input deck was properly 
developed and the modeling satisfactory in regard to the problem oh calculation of an effective 
neutron multiplication facior for U(4.89)02F, solution in a 69 L aluminum sphere without 
reflection. 

Evaluation of Results 

4 

Part of the Validation Plan for MCNP 4A was to compare the generated output (Le., the output 
generated by the hardware and software being validated) from the execution of input decks 
provided with the MCNP 4A software with output provided with the MCNP 4A software. The 
software provided by the Radiation Safety Information Computational Center (RSICC) to URS 
contains both the input decks to be run, and the outputs. The acceptance criterion for this part of 
the Validation Plan is that generated output files must be identical to the output files provided 
with the MCNP 4A software. The byte size of the files must be the same, and all the lines in the 
output files must be the same too. These criteria were met. Appendix 1 contain the required 
documentation for this part of the Validation Plan. 

The other part of the Validation Plan was to compare the calculated effective neutron 
multiplication factor for U(4.89)02F, solution in a 69 L aluminum sphere without reflection with 
criterion 1 2 (2a + 0.02) where Q is the standard deviation of the MCNP predicted k, value. The 
input file for the model is attached to Appendix 2, and the output file is attached to Appendix 3. 
The neutron multiplication factor calculation results are shown in Table 2. 

As can be seen from Table 2. the criterion k,, = I f (2a + 0.02) was met. 

5 
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An extensive literature search was performed, but no published results of criticality experiments 

Additionally, consultation with criticality experts (e.g., the primary author of the KENO 
criticality code) did not prove beneficial. However, the October 22, 1993 edition of the RSICC 
newsletter states the following regarding MCNP4A: 

involving low enriched uranium systems without moderation or reflection were found. w 

The last version of MCNP released to RSICC, MCNP4.2, was so robust that in over two 
years of use by over a thousand users at hundreds of institutions around the world, no 
importa& errors were found. MCNP4A raises the standard of quality even higher. The 
code can be made to track MCNP4.2 identically (except for MCNP4.2 bugs), indicating 
that no new bugs have been added. The test set has been upgraded, and the installation 
procedure has been tightened further and includes a new data library specifically for test 
problems using internationally unrestricted ENDF/B-VI and ENDL data. There has been 
more testing and benchmarking of MCNP4A than any prerelease MCNP versipn in 
history. The code has undergone eight months of testing with preliminary versions at Los 
Alamos. Many significant changes from MCNP4.2 have been documented and can be 
traced. Most Software Quality Assurance guidelines of the IEEE and European ISO- 
9000 have been applied, including for the first time multiple review of all coding. 

This statement. coupled with the established sound performance of MCNP 4A for low enriched 
moderated systems, provides a large measure of assurance that the code produces reliable results 
for various systems with fissile materials including low enriched uranium systems without 
moderation or reflection. 

Conclusions 

The modules of MCNP 4A that are being considered for use in criticality calculations met all 
acceptance criteria during validation testing. Furthermore, there was good agreement between 
the MCNP 4A calculated effective neutron multiplication factor for U(4.89)02F, solution in a 69 
L aluminum sphere without reflection and the reference value kd= 1. It is concluded that the 
MCNP 4A modules under consideration are suitable for the desired application, i.e.. Criticality 
calculations. 

6 
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Appendix 1 

File comparison report generated by test problems for verification 
included in the MCNP 4A package 
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'4 

Z:m~arit.5 fiLss XPOSM and ! C E O 5  
PC: 30 kiifertnces enczL::esed 

;2mparizg files SNP05M m d  1C-06 
__.  zo dif5trtn:eS ?3COL:tertd 

Conpaang fi?ts I V P 0 7 E  and K C L 3 7  
P t :  ao 2iffeconces enccuntered 

t=mpari.?g fiies ZXPCBH htd Y c l L O 8  
Ft:  ao differences encou?:ered 

Coqarinq files LUPO9H and XCT.09 
PC: no differences e3CW;lKered 

Comparinq files INPlOH and 1CTL13 
FC: ~t differences encountered 

C?npa:ing files I K P l i X  and XCTL11 
tC: no differences encotacered 

Czaparing tiles I N P l Z 1  and 1CTL12 
FC: no diffarences encouarered 

Compariap files X P 1 3 M  and W E L L 3  
FC: 10 difftrences enc0r;nrcrad 

Cslapar:r.p files I Y P i Q H  and 1CTL14 
PC: p.0 differences 2ncouncered 

Comparing files I N P l f H  and MCT-15 

:- . 

-tC: no differences encounrer%d 

Ccnparing files ZNPi6H kld ?ICTLiS 
FC: 20 diffcrences enciunrered 

Zoclpariz; files 3 P 1 7 E  and XCL:7 
tC: zo eifferencss encocnrered 

;:.sparing fiLes INPlaH and XK'L1S 
C - :  no differexes encountered 

Zsappari7.5 lilss I::PL3H m d  X C X 3  
I P  _ _ _  . EO Siffermces encouncared 

2sparir.g :i:ss INPZOM and X C L 2 0  
FC: 20 ti:ferences er.cormtered 

Z:ma:ing files '.1?71W a&d UCTL21 

-- 

'tt: r.0 5:fferer.ces 3ncor;nrered 

3r.pa:ir.p f i h s  I N P i 2 1  and MCTL22 
?C: no differences encounrcced 
-- -,npa:ir.g files INP23H and X C L 2 3  
X:  zc differences encourceced 

Z>mpazi:g files 'aP24H a d  HCTL24 
FC: no 5iffetences encounrered 

::nparin3 files :NP2SM and MCPL25 
X: 2: $iEfarences rncomtzred 
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Appendix 2 

MCNP input file for calculation of effective neutron multiplication 
factor for a 69 L sphere of U(4.89)02F, solution without reflection. 

.. 
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Yarerials 

4 . 8 9 %  er.rickmme?t zC2F2 watsr sc luz icn  313235 = 524 
;H-1. 3-16. S-i3. 3-235.  3-2333 

m: 1001.50c 5 . 7 0 5 8 e - 2  
3016.5Oc 3 . 2 9 2 9 e - 2  
3014.50: 4 .3946e-3  

9 2 2 3 5 . 5 3 ~  L.2389a-4 
32238.58:  2 . 3 9 1 i e - 3  

mzi Iw:z.~~c 
c A: 
a2 1 2 5 2 7 . 5 0 ~  1.0 

=ode T. 
?:int 40 60 30 100 1?0 125 
%code Q C C G  1. 2 3  200 
ksrz 3 8 2 

c 
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Appendix 3 

MCNP output file for calculation of effective neutron multiplication 
factor for a 69 L sphere of U(4.89)O2F, solution without reflection. .. 



I 

I 
.I 
I 

I, ' 

'I . 
11 . 

I U  
I I  
I . :  . 
I I .  
I .I 
I 'j 
I I, 
I 'I . 
I d  
1'1 
:u ' 

' . I .  

: 4 
:! .l 
.!', 
,:** 
, .; 
: I1 . 
:! 1) 
I U  
1 1 -  
1: 
4 s  

I .I 
J'I 
16- 
1.1. 

1'1' 
40- 
4 1 .  

' a ' ,  . ... ., 

In 

c. N.de: I I ~ X I  l i n e  inust ba completely blank 

print  t a b l e  4 0  

0 2 :  
n 
m 

I 
0 
0 



I 

p r i m  t a b l e  60 

I 13011 7 9 / 0 7 / 3 1 .  
12761 05 /14 /H1 

I 1309) 7 9 / 0 6 / 2 2 ,  
( 13131  7 9 / 0 9 / 0 8 .  
I 13951 7 9 / 0 9 / 1 2 .  
( 1398) 7 9 / 0 9 / 1 3 .  

I001 0 0 1 6 / 2 2 / 8 5  

. . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 . . . . . . . . . ~ . . . . . . . . . . . . . . . . . . . . , . ~ . . . . . . . . . . . . , " . . . . . . . , . . , , , , , , , , . . , , . , , , . , , . . , . . , ,  

* u coll = 0 c L m  = 0.00 nrti = 0 d u 1 1 1 t 1 1  I I ~ ~ .  I WI I i IC. swJa3r l I I > Y  = 

I 
0 2  

CI co 
I 
m 
0 
0 
P 



escape 6.3758U-05 6.02558-01 6.J154E-05 t o  6.4361E-05 , 6 .2557P05  t o  6.4958B-05 6.2166E-05 to 6.5350E-05 
laverage It~dlvidual and combined colllaionlabaorption/track-length keff raaulta for 7 different batch sizes 

c y c l e s  per number of average kett estimators and devibtlons n o r m l i t y  average ktclaltl ktc/a/tj confldence i n t e r v a l s  
keff batch k batches k t c o l J  st dov klabsl at  dev kttrkl st dev colabltrk ktc/a/tl st d w  95* confldence 99B contldence 

, 0.9448 0.0016 

I 0.9448 0.0015 
0.9448 0.0015 
0.9448 0.0013 

, 0,9448 0.0019 
, 0,9448 0.0014 

I 0.9448 0.0016 
1 
2 
4 
5 

10 
20 
25 

1lndI.vldual 

95/95/35 0.94460 0.00130 0.94201-0.94719 0.94117-0.94803 

95/95/99 0.94#66 0.00126 0.94205-0.94728 0.94111-0.94822 
95/95/95 0.94466 0.00126 0.94200-0.94732 0.94101-0.94831 
99/95/9S 0.94467 0.00122 0.94178-0.94755 0.94040-0.94894 
95/93/95 0.94501 0.00177 0.93739-0.95263 0.92743-0.96259 
95/95/95 0.94443 0.0023S 0 .9145~-0 .97413  0.79471-1.09416 

95/95/95 0.94462 0.00119 0.94222-0.94702 0.94141-0.94782 
100 

50 
25 
20 
10 

5 
4 

0.9448 0.001s 0.9444 0.0010 
0.9448 0.0013 0.9444 0.0011 
0.9448 0.0013 0.9444 0.0014 
0.9448 0.0012 0.9444 0.0013 
0.9448 0.0012 0.9444 0,0013 
0.9448 0.0014 0.9444 0.0015 
0.9448 0.0017 0.9444 0.0010 

keft . neutron kett estimators by Cycle warage kerf aatlmetora and devlatlons average klclaltl 
cycle hiatorlea k(co1lj klsbs) kftrackj kfcoll) at dev klabsl a t  dev kltrackl a t  dev k(c/A/t) a t  dev tom 

1 4000 0.92018 0.90561 0.91812 
2 3661 0.90982 0.90622 0.92375 
3 1901 0.92952 0.91404 0.92148 
4 4160 0.92869 0.93307 0.93513 
5 3999 0.90941 0.93027 0.90266 
6 3975 0.94145 0.92231 0.94579 
7 4112 0.91214 0.91664 0.92057 
0 3871 0,93508 0.96972 0.92667 
9 4095 0.95234 0.95346 0.93934 

10 4058 0.92532 0.94327 0.92870 

11 3915 0.96075 0.96056 0.95162 
12 4104 0.93173 0.92924 0.92301 
1 3  3875 0.94191 0.93120 0.94157 
1 4  4124 0.93591 0.94147 0.93214 
15 4015 0.93484 0.96916 0.92607 
1 6  3987 0.96131 0.97064 0.96418 

' 17  PO88 0.94980 0.94500 0.94542 
' I 9  3954 0.96055 0,93922 0.96906 

19 4101 0.91967 0.93435 0.89922 
20 3824 0.94304 0.94694 0.92161 ----------------.-- bagin a c t i v e  ket f  cycles 

__________-_-______.------------------------------..--~---------------------------~-------------------------~---------------------- 

--------------'----.,-------.------.---"------------------------------"-------------- 
21 
22  
23 
2 4  
25 
26 
21 
29 
29 
30 

3 1  
I2  
31 
1 4  
35  
3 6  
3 1  

0.94290 0.00118 
0.93092 0.01200 
0.94495 0.01640 
0.94704 0.01287 
0.94474 0.01076 
0.94990 0.01045 
0.94429 0.01065 
0.94190 0.00969 
0.94274 0,00871 

0.94469 0.00812 
0.94350 0.00751 
0.94373 0.00691 
0.94445 0.00646 
0.94433 0,00599 
0.94509 0.00566 

.-----___-.- -_---_-. 

0.94603 o.oosao 

4113 
3964 
4011 
3900 
4319 
3865 
3897 
4228 
3678 
6048 

4143 
4059 

' 3812 
4121 
4028 
4039 
4119 

0.95714 
0.94352 
0.91577 

0.95269 
0.92977 
0.96494 
0.90561 
0.93067 
0.94713 

0.96280 
0.91959 
0.93688 
0.96063 
0.94702 
0.95575 
0.94929 

0,97091 

___- - - - -_  

0 . 9 i i 7 2  
0.94408 
0.90696 
0.9870) 
0.95537 
0.93323 
0.99086 
0.90501 
0.92279 
0.95027 

0.96427 
0.93033 
0.94657 
0.95380 
0.94260 
0.95649 
0.96106 

._----.-------_-..-- 

0.93071 
0.96638 
0.92542 
0.98241 
0.96518 
0.93326 
0.97548 
0.92548 
0.91922 
0.95332 

0.95106 
0.94416 
0.94156 
0.94145 
0.96029 
0.97269 
0.95781 

-_-------. 

0.95510 0.00961 
0.95611 0.006!d 
0.95004 0.00828 
0.94985 0.00654 
0.94848 0.00711 

0.94606 0.00543 

0.94631 0.00461 
0.94539 0.00473 
0.94178 0.00470 

0.94579 0.00427 
0.94686 0.00442 

0 . 9 a w o  0.00615 

.------_------___..-- 

0.94452 0.00~16 

0.95033 0,00681 
0.93881 0.01217 
0.94684 0.01171 
0.94800 0.00919 
0.94497 0,00810 
0.94782 0.00741 
0.94154 0.00831 
0 .94 i22  0.00745 
0.94181 0.00669 

.0 .94372  0.00634 
0,94171 0.00613 
0.94134 0.00565 
0.94272 0.00541 
0.94101 0.00504 
0.94380 0.00478 
0.94413 0 .  00451 

. - - - - - -_-" - - - -__-__.  

0.94855 0.01783 
0.94084 0.01286 
0.95113 0 .01381 
0.95401 0.01105 

. 0.95056 0.00967 
0.9S412 0.00891 
0.9S054 0.00851 
0.94706 0.00827 
0.94769 0.00742 

0.94799 0.00671 
0.94767 0.00614 
0.94720 0.00567 
0.94679 0.00527 
0.94769 0.00499 
0.94925 0.00492 
0.94976 0.00465 

._- - - _ _ -  ---  -_-_--_. 

10946 
18712 

9651 

9775 
11661 
13441 

16935 
14672 
13763 
16269 
14436 
12668 
13379 

1325a 

- -_ - - - -__  
1 

or, 
c) 
ZI) 
M 

1 
0 
0 
w 



P 

3983 0.93lbO 0,.93295 0.93460 0.94522 0.00515 0.94350 0.00429 0.94892 0.00446 
3858 0.94580 0.92646 0.93726 0.94525 0.00487 0.94261 0.00416 0.94830 0.00426 
4027 I 0.92955 0.93527 0.92216 I 0.94446 0.00469 0.94224 0.00396 0.94700 0.00425 _______________-____~----.---------------------------------------------------------.------------. 
3931 I 0.93993 0.95647 0,94313 I 0.94425 0.00447 0.94292 0.00383 0.94681 o.00405 
4090 
3979 
3991 
3969 
4108 
3908 
3973 
3978 

' 4001 

4138 
3999 
3832 
4085 
4031 

3800 
4055 
3906 
4042 

4038 
3887 
4150 
3977 
3914 

3851 
4074 
6007 
3974 

6111 
3957 
3980 
3996 
3948 
4054 
3995 
3922 
4158 
3955 

4199 

4085 

. 

0.94203 0.93664 0.94196 0.94415 0.00426 
0.93820 0.94131 0.95480 0.94389 0.00408 
0.92843 0.93803 0.94454 0.90325 0.00396 
0.96811 0.96337 0.95301 0.94424 0.00392 
0.94780 0.94990 0.95288 0.94438 0.00377 
0.94280 0.94442 (1.94850 0.94432 0.00363 
0.93783 0.9~24a 0.96161 0.94409 0.00351 
o.95010 0.95972 0.94910 0.94429 0.00339 
0.96291 0.97120 0.96907 0.94491 0.00333 

0.95649 0.91077 0.97306 0.94529 0.00324 
0.92688 0.92739 0.92969 0.94471 0.00319 
0.92587 0.93926 0.91462 0.94414 6.00315 
0.93292 0.94255 0.92847 0.94381 0.00307 
0.98239 0.94339 0.97374 0.94491 0.00318 

0.96437 0.94403 0.97998 0.94537 0.00305 
0.94908 '0.96958 0.93994 0.94547 0.00297 
0.96559 0.97181 0.96415 0.94599 0.00294 
0.95718 0.94456 0.93759 0.94626 0.00288 

0.93743 0.93678 0.93241 0.94605 0.00282 
0.95474 0.93294 0.94480 0.94626 0.00276 
0.95891 0.94173 0.94973 0.94655 0.00271 
0.94290 0.94230 0.93649 0.94647 0.00265 
0.95370 0.97674 0.93214 0.94663 0.00259 

0.94296 0.95023 0.95234 0.94620 0.00251 
0.95000 0.95530 0.93271 0.94628 0.00246 
0.94375 0.96731 0.95567 0.94623 0.00241 
0.96506 0.95824 0.95338 0.94660 0.00239 

0.94637 0.93139 0.93812 0.94660 0.00234 
0.93884 0.92468 0.94405 0.94645 0.00230 
0.93779 0.93336 0.95239 0.94629 0.00226* 
0.93574 0.95070 0.92702 0.94609 0.00223 
0.95832 0.95655 0.96862 0.94631 0.00220 
0.94276 0.93602 0.95795 0.94625 0.00216 
0.92232 0.92836 0.90980 0.94583 0.00216 
0.94284 0.95308 0.95599 0.94578 0.00212 
0.93862 0.94597 0.93026 0.94566 0.00209 
0.94131 0.93883 0.94787 0.94558 0.00206 

-________-----------~-"-----------------------"------------ 

0.94239 0.94222 0.92892 0.94484 o.00309 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.93012 0.94039 0.93044 0.94627 0.00256 

._________-____-_-----------.------------------------------. 

38 
39 
40 

41 
42 
43 
4 4  
45 
46 
47 
48 
49 
50 

51 
52 
5 3  
54 
55 
56 
5 'I 
58 
59 
60 

61 
62 
63 
64 
65 
66 
67 
68 
.69 

7 0  

71 
72 
73 
74 
75 
76 
77 
78 
79 
8U 

- - - - - - . 

- - - - - - - 

- - . - . - - 

_ _ _ - - - - .  

0.94685 0.00355 

0.94732 0.00329 
0.94736 0.00317 
0.94716 0.00306 
0.94722 0.00295 
0.94795 0.00294 

0.94876 0.00296 
0.94816 0.00293 
0.94715 0.00301 
0.94660 0,00298 
0.94737 0.00299 
0.94686 0.00295 

0.94755 0.00293 
0.94798 0.00289 
0.94772 0.00283 

0.94709 0.0034a 

0.94776 o.oo301 

0.94734 0.00278 
0.94728 0.00272 
0.94734 0.00265 
0.94709 0.00260 
0.94676'0.00257 
0.94641 0.00254 
0.94653 0.00249 
0.94614 0.00245 
0.94644 0.00241 
0.94658 0.00236 

0.94641 0.00231 
0.94636 0.00228 
0.94648 0.00224 
0.96612 0,00222 

0.94673 0.00219 
0.94608 0.00225' 
0.94625 0.00221 

0.94601 0.00216 

0.94653 0.00122 

0.94~98 o.00~19 

0.94595 0.00397 
0.94473 0.00420 
0.94366 0.00395 

0.94470 0.00375 
. - - -_____-__-_-_____. 

I 0.94470 0.00336 

0.94553 0.00308 
0.94563 0.00297 
0.94559 0.00285 
0.94611 0.00277 
0.94702 0.00286 

0.94767 0.00298 
0.94707 0.00295 
0.94630 0.00289 
0.94603 0.00281 
0.94611 0.00270 
0.94574 0.00261 

0.94642 0.00252 
0.94705 0.00252 
0.94679 0.00245 

0.94513 0.00319 

------_-___-_----__---------------------. 

0.94589 0.00257 

------_---_-_..____.--------------------- 
0.94668 0.00240 
0.94621 0.00236 
0.94615 0.00230 
0.94600 0.00225 
0.94636 0.00221 
0.94614 0.00217 
0.94626 0.00212 
0.94625 0.00208 
0.94635 0.00206 
0.946S4 0.00200 

0.94628 0.00198 
0.94604 0.00196 
0.96596 0.00193 
0.94585 0.00189 

0.94613 0.00185 
0.94565 0.00187 
0.94580 0.00184 

0.94564 0.00178 

.-----___-_--^___-__--------------------- 

0.94614 0.00188 

0.94570 o.00181 

4011 
3997 
3949 
4026 
.4019 
3917 
4073 
3933 
3968 
3911 

0.94263 0.00366 
0.94258 0.00350 
0.94239 0.00336 
0.94322 0.00333 
0.94348 0.00321 
0.94352 0.00309 
0.94348 0.00297 
0.94404 0.00292 
0.94495 0.00297 

0.94578 0.00299 
0.94520 0.00295 
0.94502 0.00286 
0.94495 0.00276 

0.94483 0.00262 

0.94546 0.00257 
0.94616 0.00259 
0.94610 0.00253 

0.94587 0.00247 
0.96556'0.00243 
0.94547 0.00238 
0.94540 0.00232 

0.96597 0..00233 

0.94626 0.00226 

0.94652 0.00216 

0.94622 0.00214 
0.94581 0.00214 
0.96557 0.00211 
0.94567 0.00107 

0.94569 0.00202 

0.94552 0.00197 
0.94553 0.00194 
0.94541 0.00191 

_---_-_---------__ 

0.94491 o.ooa*io 

.0.94081 o.ooa55 

_---...._--*-----_-_ 

0.9~610 o . o o m  
0.94606 0.00228 

0.9462e 0.00219 

.---------------,.-. 

0.94506 0.0020s 

0.945~ o.oozoo 

0.94673 
0.94253 
0.94704 
0.94825 
0.93320 
(1.95162 
0.93792 
0.93171 
0.92631 
0.92640 

- _ _ _ - - - _ - _ _  
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 

--------_ 
0.96285 
0.93932 
0.95634 
0.94742 
0.94455 
0.95430 
0.94819 
0.91938 
0.92959 
0.93004 

_----_---. 
0.93770 
0.96151 
0.93395 
0.94205 
0.92451 
0.94819 
0.92512 
0.93975 
0.92052 
0.92718 

13971 
11789 
12661 

13367 
13846 
14129 
14571 
15583 
15975 
16544 
17251 
17695 
16099 

14332 
14103 
14305 
14689 
15432 
15975 
16040 
16321 
15839 
16401 

16615 
16817 
171 75 
17564 

18149 
18511 
18946 
19309 
19577 

19591 
19593 
19941 
10335 
20214 
20549 
19736 
19977 
20289 
20610 

.-----. 

, - _ _ _ _ _  

------ 

17888 

_ - _ _ _ _  

0.94560 0.00202 
0.94555 0.00199 
0.94558 0.00196' 
0.94562 0.00193 
0.94543 0.00191 
0.94552 0.00188 
0.94541 0.00186 
0.94521 0.00184 
0.94493 0.001U4 
0.94467 0.00183 ' 

0.94570 0.00190 

0.9077 0.00185 
0.94579 0.00181 
0.94577 0.00179 
0.94590 0.00177 
0.94594 0.00174 
0.94555 0.00176 
0.94532 0.00175 
0.94510 0.00174 

0.94560 o.ooie7 
0.94588 0.00213 
0.94613 0.00211 
0.94594 0.00208 
0.94S88 0.00205 
0.94555 0.00204 
0.94559 0.00201 
0.94528 0.00201 
0.94520 0.00198 
0.94484 0.00198 
0.94459 0.00197 

0.94577 0.00175 
0.94480 0.00173 
0.94583 .0.00170 
0.94582 0.00167 
0.94568 0.00165 
0.94578 0.00163 
0.94569 0.00161 
0.94540 0.00160 
0.94513 0.00161 
0.93490 0.00160 

20884 
21194 
2 1582 .. 
21949 
22134 
22418 
22662 
22368 
21990 
21828 
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0 5 . 0 H S E . 0 1  Q . ' J l 3 E . ~ 0 1  7. LY3E-01 
0 H.952K.01 -4.447E-01 -2.944E-02 
0 -6.1H4E.01 -4.495E-01 6.446E-01 
0 Y.710E-01 -5.665E-02 -2.3XJE-01 
0 5.H6lE-01 1.4966-01 -7.963E-01 
0 -b.4HYE-02 -1.626E-01 9.A45E.01 

, 0  -7.068E-02 3.263E-02 -9.9708-01, 
0 -1.Y15E-01 4.6648-01 -7.932E-01 
0 -2.36RE.01 9.215E-01 -3.079E-01 
U 1.Y46E-01 -3,204E-01 9.2718-01 
0 -6.69RE-01 -7.1776-01 -1.905E-01 

. II -H.I98E-OI -4.129E-01 3.524E-01 
V -1.114E-01 -8.572E-01 4.A57E-01 
0 -2.489E-01 -5.llRE-01 -8.2228-01 
0 -2.959E-01 2.119E-01 9.314E-01 
0 l.lY!iE-01 .9.829E-O1 I.202E-01 
0 6.909E-01 -7.110E-01 1.307E-01 

0 -9.903E-01 .1.380U-01 1.353E-02 

0 -1.977s-01 9.79')E-01 3.3601-02 
0 -Y.1170:01 -1.6478-01 -1.891E-01 

0 1.0806-01 3.412E-01 -9.318E-01 
0 -Y.LILE.OI -9.012E-03 -4.122E-01 
0 -?.568E-01 -6.391E-01 -7.249E-01. 
0 -2.912E-01 R.OH6E-01 5.113E-01 

U -6.115E-01 -7.645E-01 -1.978E-01 
0 -5.702E'-01 5.651E-01 -5.963E-01 
U -6.6OlE-01 5.373E-01 -5.242E-01 
0 -9.74:!E-02 -3.639E-01 -9.263E-01 
0 -1.YG5E-01 -3,145E-01 -9.267E-01 
0 4.0Y7E-OI 8.465E-01 -3.399E-01 
0 -4.04HE-02 8.UllE-01 4.675E-01 
0 J.171E-01 -9.2698-01 -1.6528-01 
0 -1.867E-01 9.756E-01 -1.155E-01 
0 -2.616E-01 2.336E-01 -9.365E-01 

0 2.58OE-01 -7.076E-01 6.5788.01 
0 -3.212E-01 -7.6781-01 -5.54JE-01 
0 4.039q-01 -1.460U-01 H.513E-01 
0 6.080E-01 5.4878-01 5.7306-01 
0 -2.9328-01 9.304E-01 -2.199E-01 
0 -R.475E.01 -3.9939-01 -3.497E-01 
0 1.2OOU-01 -9.19S8,OI -J.74JE-01 
0 7.085E-01 5.879E-01 1.904E-01 

0 -6.5no~-oi ~ . ~ ~ o E - o I  -5.329E-01 

o 7.4628-01 4.1159~-01 -4.551~-01 

I) - ~ . ~ E - o I  8.361~-01 -3.423~-01 

u 1 . 4 7 m o i  -9.514~-01 2.705~-01 

u ~ . ~ O E - O I  -7.641~-02 - I . ~ I ~ E - O I  

r?llJrlJY 

2.30'JEiOO 
4.904E*OO 
3 . H O ' J E - 0 1  
I .  3116*00 
I .90?8+U0 
4.4 10E- 01 
J.75OE-01 
4.136Et00 
7.453E-02 
3 .  1288100 
1.014Et00 
I .  395E100 
7.74HG.01 
I .  IOlEtOO 
1.951E~OO 
2.186EtOO 
1 .865Et00 
I .  229EtO0 
1.305UtOO 
1.000Et00 
3.990Et00 

I. 156Et00 
2.6691tO0 
2.11156100 , 
4.225Et00 
1.079Et00 
3.46lE100 
I .836Et00 
4. 556E-01 
6.4158-01 
2.764ErOO 
2.785E-01 

3.3608-01 
6.3769-01 
2.186Et00 
7.314E-01 
2.997E-01 
1.444E100 
1.914E100 
I. 5WEt00 
5.971Et00 
1.827Et00 
1.928Et00 
1.351EtOO 
2.2888100 

2.665E-01 

9.097~-01 

print  tabla 110 

We i ( J h C  time 

1.000Et00 0.000EtUO 
1.000Et00 0.000Et00 
1 .000Et00 0.000Et00 
1.000E*00 0.000E*00 
I.OOOE*OO o.ooortno 
1.000E*00 0.000E~00 
1.000Et00 0.000E~00 
I.OOOEt00 0.000E*00 
1.000E100 0.000Et00 
L.OOOEt00 0.000Et00 
1.OUOEt00 0.000EtO0 
1.000E100 0.000E*00 
I.OOUE1UO 0.000E100 
L.OOOEt00 0.000E100 
I.OOOEt00 0.OOOEiOO 
1.OOOEtOO 0.000EtOO 
1.000Et00 0.000Et00 
1.ooo~too a.oooEfoo 
I.000Et00 0.000Et00 
I.OOOEt00 0.000E100 
1.000Et00 0.00OEt00 
1.000Et00 O.OOOE*OO 
1.000UiOO O.OOOEt00 
1..000Et00 0.000EtOU 
1.000E*00 O.UOOE~00 
1.000E100 0.000Et00 
I.OOO~t00 0.OUOE*00 
1.000Et00 0.000EtOV 
1.000E100 0.000Ei00 
1.000Et00 0.000Et00 
1.000E~00. 0.000E100 
1.000E400 0.000Et00 
1.000E4OO 0.000E100 
1.000Et00 0.000E100 
1.00OEt00 0.000Et00 
1.000E100 0.000EtOO 
L.OOOEt00 0.000Et00 
1.00OE*00 O.OOOEt00 
I.000E100 O.OOOEtO0 
1.OOOE+OO 0.000Et00 
1.000EtOO 0.000E100 
1.000Et00 '0.000E*00 
1.000Et00 0 .  OOOEIOO 
I.OOOEt00 0.000Et00 
1.000Et00 0.000Et00 
I,.OOOEtOO 0. OOOEtOO 
I.000Et00 0.0008t00 0 

0 



cycle = b4  

cycle = 7 5  

cycle i H6 

cycle .. Y7 

< : ; t i i i i 4 iw  cycle I00 dve u t  HU c:ycles conibi iidt. i on sittiplo average coitibiiied average coi r 
k [#'..I I i : ~ l c * l l l  0.'1'14U:!4 0.  992.124 0.001 9 k ICOI  I e l b Y l  0.991363 0.0015 0.992237 0.0014 0.3974 
k l . d m ~  pi i o i i l  0. 9'11549 0.992001 0.0016 k l d b r l t k  1111 0.9Y2318 0.0015 0.992198 0.0014 0 . 3 8 3 3  

i..iii l ~ f e l c u l l  2.09bliEtOJ :!.Y56L'EiOJ U.0034 k l c o l l d b s l t k  1111 0.992453 0.0016 0.992250 0.0014 
i r ~  I I t e l :~bSl  2 . Y I H I B 1 0 3  ?.Y'JS6EtUJ 0.002I I i t e l c u l l d b r l  2.95596103 0.0027 2.95521#03 0.001A 0.07G5 
:,..,III L'L* puil l ls ya11cid1ed 404H 

k l l l k  l c l l y t l l l  ( l . 9 Y 2 l l l 2  0.993635 O.UO20 k ( t k  InlcolJ 0 . 9 ~ 2 6 7 9  0.0030 0 . 9 ~ m i  0.0019 0 . 9 ~ 8 7  

suiirce d i s t r i l w l i u i i  w r i t t e n  t o  t i l e  s6Yi12s cycle = l b 4  

cycle = 17s 

cycle = 186 

conibiii.it tun slniple average roablnetl dverage 

0.9Y1855 0.0011 0.991H98 0.0010 k l , ibs/ tk  1 1 1 1  
k I t k Iri/coll 0.991848 0.0014 0.Y92022 0.0014 ' 

k l c o l l a b y l t k  118) 0.991078 0.0012 0.991955 0.0010 
ilfelcollabsl 2.95378103 0.0019 2.95398+03 0.0013 

k I c.01 l d b r l  0.YY1930 0.0011 O.YYI933 0.0010 
corr 

0.1307 
0.417G 
0.91183 

0. HH99 

COIL' 

P d x  
c z  
' ( n  

m C  

1 
0 2 ;  

0 cn 
m 

1 
0 
0 
CI 



i i :. 

hulIrcC' 

k ti:i>l/'ib!:) O.Y9IHIS 0.0011 0.99181Y 0.0010 0.4157 
k l a l . @ r t l k  1 1 1 1  0.9Y1150 0.0011 0.9Y1789 0.0010 0.4215 
k l t k  I~i;coIl O.YY1740 U.OUI4 0,991llll5 0.0014 0 .9HA2 
k ( < . u l / c i b u / L k  1 1 1 )  0.9Y1'1611 O.OUl2 U.YYLH3I 0.0010 
1 i l e ( c < i l / d b S l  2 .Y534E103 0 . U U I Y  Z.953dEi01 O.oOi1 0.8llWY 

c~~ l l l l l i l l , l l  io11 Slllll>la dVa1dWI cotlbllted awulaye curl 
k ( C U I  /dbS) 0.9Y1765 0.0010 0.991765 0.0010 0.43G3 
k l a b s l t k  1111  0.99170H 0.0011 0.991737 0.0010 0.421') 
k l t k  1 1 1 ; t ~ l l  O.Y9l?lO 0.0014 0.991837 0.0014 0.9BH2 
k l c o l / d b s / t k  I l l 1  0.Y91728 0 . 0 O I 1  0.991775 0.0010 
litelcolldbut 3.95348903 0.0019 2.9533Et03 0.0013 . O.888H 

cycle = 1 Y f t  

cuiill,itidt ion riiiiple dwaiaye colnbined average C O I  I 
k ( C U l / d b S l  0.9Y1701 0.0010 0.991712 0.0010 0.43')G 
k l d b s l t k  1111 0.971639 0.OOll 0.Y716H3 0.001U 0.4231 
k l L k  l n / ~ o l l  0.991616 0.0014 0.991756 O . U O 1 - l  O.YBB2 
k l c o l l d b u l t k  1111 0.991652 0.0011 0.991124 0.0010 
IjfelCOI/dbLI,s) 2.9530Eb03 0.001Y 2.9530Et03 0.9013 0.8892 

COlllbilldt IUn siinyla averaye cowhined averaye tori 
k I COI I SbS) U.991766 0.0010 0.991727 0.0010 0.4301 
klabultk 1111 0.991687 0.0011 0.9Y1687 0.0010 * 0.41711 
k l t k  I r i l c ~ l l  0.991766 0.0014 0.991923 0.0014 0.9IIHO 
k l c o l l a b s l t k  In1 0.991740 0.0011 0.991740 0.0010 
I i f e l c o l l a b u l  2.9537E103 0.0019 2.95118103 0.0013 0 . 6 8 Y H  

c y c l e  = 200 

WllUl l  

UOZFZ wdtai' s u l u i .  V=6'JL,  u i l ~ u t l . ,  twU23524.89, HIU235 = 524  

200 kcode C Y C l G Y  woie clone 

; n e u t r o n  l oss  I r a c k s  Wulyht ClldK\Jy 
(par souace ~ i d r t l c l u i  

HOU:!U-? Y.wtsg - .n i  2 .031 i c : m  evcalle 
enorgy cuLut t 
t ln1o C l l t O f  f 

0 0 .  U .  w u i g l l t  w111dow 
0 0 .  0 .  ce l l  importance 
0 2.24)1E-O:! I .41711Y.07 w e l g l l t  culoff 
0 0 .  0 .  eiieryy Iiayoi tance 
0 0 .  0 .  dxcran 

forced co l l i s io l ra  0 0 .  0 .  
0 0 .  0 .  e x ( ) .  t ranstorm 
0 0 .  1 .421IOE. O'J 1lown:icat ta r ing  

Cilpture 
LOSS to ( I I . X I I I  (r Z'J G .  'J Y 2 JIE - 04  4 .55 3 4 E. 0 4  

0 0 .  U. l oss  t o  t i u s i o n  
11001131 L.U12IIE*UO 2.U3151:*UO Lotdl 

06/19/00 16:23:1H 
p r o b l d  = 06/19/00 16:04:53 

t r a c k s  . w e l g l i t  energy 
lIJ@r S U U X C B  p a r t 1 C l e )  

2314b2 2.7371E-01 3.275OE-01 
0 0 .  0 .  
0 0 .  0 .  
0 0 .  0 .  
0 

569056 
0 
0 
0 
0 
0 
0 

3 1 3  
0 

800831 

0. 
2.21YOE-02 
0. 
0. 
0. 
0 .  
0. 
3.1916E-01 
3.1813E-04 
4.0744E-01 
1.0228Et00 

0. 
1.1252E-0/ 
0 .  
0 .  
0 .  

l.b6?HE+OU 
1.9123E-02 
2.6b03E-03 
1.9493E-02 
2.0315Et00 

0 .  

P d g  m c  

1 
0 %  

0 
UI 
m 
1 
0 
0 
w 



p r i n t  t d b i a  I26 

I ~ n c . k s  IJOpUlatioli c o l l i r l o i i a  c o l l i s l n n v  iir~iiibrI f l u x  ave1aya avoidye 
ccl 1 en1 t.1 iny wriyIiL ~ i l ~ j l i l  ed weiyhled t i a c k  welylit t r a c k  intp 

(per h i s t o r y )  energy eneiyy ( r e l d t l v e l  (CIIII 

1 1  HO I ' l Y H  ll0051H 3691352'1 3.6b23E*01 3.IIOHE-OI 6.7OY88-01 H.BOZAB.Ul 1.6107Et00 
> 234990 . 2326SO 9895 1.1909E-UZ 1.334OE-03 1.1043E100 9.84706-01 8.0lOOE*00 

l U i . 1 1  1011l7 I H  I O J 3 l 6 H  36921422 3.6635B*U1 
I k ~ l l  i c ! r i i l L s  t u f :  A I  S l ~ l i d i ~  with U021:42 Wdcei Y o l u l .  V.691,. u l l r e t l . ,  fwU234~4.89. I l I U 2 ~ 5  = S24 probid = 06/19 /00  16:04:51 

1 1 1 ~ .  i i i i t  1.31 t i a b i w i  twut iuti s o u i w  disli.ibuLioi: used 1110 I source  IJuints  t h a t  w e r e  iiigut on t h e  k s r c  c a r d .  
r l t o  ,'I i~ i c u l i l y  prdJIern W'IY s~. l ie~lulrrd l o  r k l p  2 0  r y c l e s  and ruti a t o t a l  of 200 c y c l e s  wlth nominally 4000 neu t rons  pa r  c y c l e .  
tlti!; (,i.,l,I~rii 110% iuii 20 i n a c t i v e  cycler wi th  HO3Y4 iieutron I i l s t o l l o s  and ,180 a c t i v a  cycle8 wi th  71Y8UH neulroi: Itisrot ies. 

I Itis ( x l c t i l d l  i i i n  lid9 c!uiiil,iuratl ill+ reclursted nuiiibar o t  k e t f  c y c l e s  us.illy a t o t a l  of ROO202 fission neutron source I i i s t o r l e s  
a11 cells wi th  t i s a lu i cdJ l a  m a t u i l a l  were sampled aial had t l s s i o n  neu t ron  s o u r c e  poir i ts .  

I I W  rL'bi i l ( .s  u t  1114 w t d i t  for iioiiiiality appllad t u  tlie Indlviduol  co l l1 s io i i .  abso rp t lon .  and t r ack - l eny t l i  k e f f  c y c l e  va lues  d r e :  

c l i e  k (  i :ol l ivlunI  cyt-10 vdlues  appear n o r s d l l y  d l s t r l b u t e d  a t  t h e  9Y percen t  confidence l e v e l .  bu t  not  a t  95 pct 'crnt  
t h e  kldbaorvr Ion1 c y c l e  va lues  appuar 1iu11ra11y d l s t r l b u t e d  a t  t h e  95  percent  conf idence l e v e l  

wdiiiiiicj. I l t e  k l l  rk  iuriytlil c y c l e  value8 do not  alq)aaI Ilormally d i s t r l b u t e d  a t  t h e  99 percent  conf idence  l e v e l  

I the I i i i ' i l  e s t  iewtecl culabiiiud ~ ~ ~ l ~ s ~ o l l / d b S ~ I p t ~ ~ l l / t ~ ~ C k - ~ ~ l l ~ t ~ l  k e f f  = 0.99174 wi th  an est imated s t a n d a r d  d e v i a t i o n  of 0.00099 

iliu e s l i a a t e d  bll.  YS. L 99 petc!oiit kett confidence i i i t e i v a l s  a r e  0.99075 to 0.99273, 0.98970 t o  0.99170, and 0.98911 L O  0.99434 

I I I V  dsr iinaratl col I Isiuiilal)eurpt ion iieutrori reitloVal l l f a t  h i e  = 2.95B-05 seconds wi th  all estiitiated s ta t idard dev la t io i i  of 1.8712-OH 

.. ... ____ ._ - . .  . - - ~ . .  .. - - - - - -  - - -  - 
~ .. . .. _____._ 

i I 



S 

I 0 . 9 ' J I I I  0.0014 0 . 9 Y l l  0.0010 0.9917 0.0014 
I 0 . 9 ' ~ l R  11.uu16 O . W I . /  n.ouii 0.9917 0.0017 

U.991H 0.0015 0.9Y17 0.0012 0.9917 0.0016 
n . y y i a  0.0017 0.9917 O.OUII O . Y ~ I V  0.0017 

I 
*I 
5 J6 0.YYIfl 0.0015 0.Y9l7 0.0011 0.9917 0.0016 
6 10 0.9YIH 0.0016 0.9Y)'J O.OUI:! 0.9917 0.0017 
9 '10 0.991H 0.0015 0.9Y17 0.0010 0.9Y17 0.0016 

10 I H  0.991H 0 .00II  U.'9YI7 0.0010 0.9917 0.0013 
1 ;! 1 5  D . ~ Y I I I  n.001) 0 . ~ 9 1 7  O.OOIU 0.9917 0.0014 
I 5  1 2  0 . 9 9 1 ~  n.0010  O.Y~I./ 0 . 0 0 0 ~  0,9917 0.0011 

I 
, t I c ; t e i  1'1 I n . 1 1  0 .  'J'9 IC'J 0 .  on I u.1 0.99065 Io 0.99172 0.9n')GL' t o  0.99375 0.9HH95 to  0.99442 

11,tt:k l,*ll>llll . 0 . 9 Y l C . I  0.001 4 I 0 . 9 9 0 2 5  t o  0.9Y312 O.9HRH3 LO 0.99494 0.9H790 t o  0.99547 
$ % O  ; ,tI,:h.l 1 ,  0 .  9'9 1'1 1 11. I IOO~JII  0.9~0.14 t o  n . y w 7 i  0.9H977 t o  0 . 9 ~ 3 6 8  0 . 9 ~ 9 1 3  t o  0.99432 O . ~ W I  
d,:; I l k  1.?11 0.991bY U.001JYll U.YYo7U L o  0,99267 0.9HY'JJ L O  U.991b5 0.98909 to 0.9Y4-lY 0 . 4 1 ' ) H  
a ' e ~ I . l i k  l a * l l  ll.Y9I!J.! 0.0111 4U U.99052 t u  O.'J9'l32 0.9R9l'l tu  0.99471 0.9RH22 t o  0.99562 0.YHH0 

,'*,I , <11n;. I I h 11111 0 .  Y Y  1'14 11. 00099 0.99075 to  O.YY;?'IJ 0.9H978 t o  0.99170 0.Y8913 to\U.Y9434 

I I  t i l r .  I . I ~ . J ~ S I  .JI ... ar.li'kcrff O C L ' U I I . ~ ~  011 c l i r  11ex1 c ~ t ' l r .  t b  k r f t  relrulls aud 68 .  95. and Y Y  perceltt contldance 1nLerv.tIu wuSId b: 

k t l  c.51 i f m I . * i  ketL Yt.dllddl<l & V ~ . l I  io11 ~ H ' L  c w f  itlencd Y5" cunt itlallca 99% collIicle1lca 

t.',I I i g i . * i i  ll.YY:!ll5 0 .  001 4 I 0.9900S t o  0 . 9 9 3 5 6  U.YH9:!5 La 0.994116 0.9HH34 t o  0.99577 
. i In:;~, i~ot  i d c  0. !JY190 0 .  00105 0.99OH5 tu 0.99295 0.9H9HI to  0.Y93YY 0.98912 t o  O.YY4LH 

I 1.8t .I;  I,OI).J~ 1 1  U.Y9IHY 0.00144 0.99044 t o  0.99313 0.911902 10 0.Y9475 0.9118011 t u  0.Y95hY 
L . . O I , L I I J U .  1 1 k  le11 0.99194 0.00100 0.Y9094 l u  O:Y9295 0.98994 Lo 0.99394 0.Yll929 to  0.99460 

99/95/110 
95/95/95 
95/95/95 
95/95195 
Y5/95/95 
95/95/95 
95/YS/Y5 
95/9S/95 
95/95/95 
95/95/95 

averdye k ( c / a / t l  
klc /a / t )  s t  drv 

0.99174 U.00099 
0.99175 0.00112 
0.99179 0.00116 
0.99192 0.0011U 
0.99195 0.00108 
0.99183 0.00120 
0.99191 0.00111 
0.99208 0.OOlOl 
0.99220 0.00092 
0.99207 0.00090 

0.99235 0.00077 
0.99300 0.00085 
0.99268 0.00056 * 

0.99234 0.00046 

.. - - - - - - - .. - - . - - - . 

0.99275 o.noo99 

klC/d/l I ' ~ O l l f ~ d e l l c ~  ~ l l t a l v a l s  
959 conf idenca 99.b cont 1denc:e 

0.98978-0.Y9370 0 . 9 H 9 1 I  0.99434 
0.98951-0.99399 0,911H7H-0. Y Y I ' I ' L  
0.9R948-0.99111 0.9AH71 -0.99417 

0.Y8976-0.99415 0.9A901-0.9Y4YO 
0.98917-0. Y9d29 0.911851 . O .  99515 
0.98957-0.99426 0. ~11x69 . O .  99514 
0.98993-0.99423 0.9HYll-O.9Y5U5 
0.99020-0.99421 0.98939-0.99503 
0.99003-0.99411 O.!J11914-0.99500 

0.99052-0.99418 0.989b4-O.Y9506 
0.Y90Y1-0.9950Y 0.911984 . O .  99616 
0.99090-0.99447 0.9HYdl . 0 .  94596  
0.98850-0.99700 0.9112Y6 I . U O 2 1 i 5  
0.98652-0.99815 0.9632?-1,0214'~ 

0 . 9 ~ 9 7 0 - 0 . ~ 9 4 1 4  0 . 9 ~ 1 n 9 5 - 0 . 9 9 ~ ~ 9  

n 
1 
0 
0 
kJ 



/ 
!I . 
I 

I I )  

1 1  
I;: 
I I  
I .I 
I !B 

I I ,  

I 1  
I II 
I 'I 
. : I1  

2 1  

:: I 
:! I 
.!,> 
.!I, 

: I 
2J+ 
, l * l  

I ( I  

. . .  

. .. 

393') 
4041 
4 1 1 )  
3901 
4097 
)A27 

J995 
19114 

0.9985') 
1.02461 
0.YHHBO 
1.00506 
0.9HRS6 
0.Y7035 
0.96115 
1.00292 

I . 00146  
U.9'l'J!l:! 
U.Ylb'l'J 
I . 00H12  

0.9IIbUY 
U.YH.174 
0.Y56HJ 
1 . 0 1 I J 2  
0 .9H I 'I J 
1 .  003HH 
0.9541H 
0 .  Y950H 
I .01020 
0.96549 

. . . . . - . . - . 

~ 

1.00540 0.01(1','1 
1.00191 0.009HH 
0.99517 0.01030 
I.UO044 0.00945 
0.999H7 O.OU774 
I.00100 0.00661 
I.l)0317 0.00614 
I.00009 0.00623 
0.99773 0.00605 

. _ _ _ _ _ _ . - - -  - .  

1.01J77 0.00902 
1.00369 0.01135 
1.00031 0.00H70 
0.99616 0.00792 

0.99787 0.00661 
0.99777 0.00573 
0.99S12 0.00571 

0 . 9 9 9 ~ ~  0.00746 

0.994116 o.oo511 

x iw kef 
I .02279 
1 .I10474 
O.YHI53 
0 .  'JY02H 
0 .  9794'1 
I .OIH4J 
(I.YH5H4 
0.  9'J.I 1 0 
0 .  '17 392 
O . Y Y 2 4 H  

f cycles 
1.02002 
0.9H6R9 
0.99681 
0.97297 
1.02271 
I .004K! 
1.00H)I 
I .  02?7? 
0.Y795H 
0 .  9'165.1 

1.00316 0.01657 
1.00124 0.00982 
0.99417 0.00991 
O.YY9HR O.OOY57 
I .  00064 0.007H5 
1.00174 0.00672 

1.00161 0.00627 
0.99910 0.00614 

1.00436 0.006311 

0.982911 0.01795. HZUH 
0.99267 U.OUHY7 16A9J 
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cullitiioll 1.02Y7U 0 1 1  c y c l d  162 c o l 1 , ~ s I o n  0.944511 on cycle 6'j 
& ~ s o r ~ ~ ~ I o n  1.03016 011 c y c l e  161 abaorpt lot i  0 .95410 on cycle 122 

track Irtigtli 1.0275H on cycle 159 track length 0.94391 on cycle 65 
I p l o t  tJt the est intated col iabs i irJck- lonyt~i  koff OIW standard d e v l a t l o n  interval versus cycle tiumber I1 = tliial ketf = 0.991731 
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MCNP4A Calculation Method Bias and Bias uncertainty for criticality 
calculations for low enriched uranium systems 
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MCNP 4A calculation bias and bias uncertaintv for criticalitv calculations for low enriched 
uranium svstems .d 

t 

MCNP 4 A  calculation bias and bias uncertainty for criticality calculations for low enriched 
uranium systems were determined based on the data published in International Handbook of 
Evaluated Criticality Safety Benchmark Experiments, Volume IV Low Enriched Uranium 
Systems, NEA Nuclear Science Committee, OECD Paris 1995. The publication contains the 
results of the neutron multiplication factor experimental measurements and associated 
calculations with Monte Carlo computer codes including MCNP 4A. For every experiment 
several computer runs were performed. The mean MCNP 4A calculation bias and bias 
uncertainty for each experiment were defined as in equation 1 and 2 respectively. 

where 
d kh = the MCNP 4A calculation method bias for a given experiment 
ld k, )i = (k,,),, - (kcB)MCNP = the MCNP 4A calculation method bias for i-calculation 
(kr&, = the effective neutron multiplication factor measured in experiment 
QMCNpi  = the effective neutron multiplication factor predicted by MCNP 4A i-calculation 
N = total number of MCNP 4A calculations 

= the calculation method bias uncertainty 

The positive bias only ((k&v > (k&c,vpi ) was considered. In case &c.le.tp e (kMjMCNp ;, the 
calculation method bias ( (A k,, )J was assumed to be equal to zero. 

Tables 1 through 3 show the data necessary for MCNP 4 A  calculation method bias and bias 
uncertainty determination. The data in Table 1 is based on report LEU-COMP-THERM-OO 1 
Water-moderated U(2.35)0, FueL Rods in 2.032-cm Square-pirched Arrays, Table 2 - LEU- 
COMP-THERM-002 Water-moderated iJ(4.3i)O2 Fuel Rods in 2.54-cm Square-pitched Arrays, 
and Table 3 - LEU-COMP-THERM401 Critical Arrays ofLow-Entiched U O2 Fuel Rods with 
Wuter-to-fie1 Volume Rurios Rangingfiorn 1.5 to 3.0. The values of the ca@lation method bias 
and bias uncertainty can be found in Table 4. 
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'Table 2 The data necessary for MCNP 4A calculation method bias and bias uncertainty 
determination based on report LEU-COMP-THERM-002 Wafer-moderafed U(4.31)0, Fuel Rods 

0.9998 0.992 1 0.0077 
0.9998 0.993 0.0068 
0.9998 0.9933 0.0076 

Table 3 The data necessary for MCNP 4A calculation method bias and bias uncertainty u 
determination based on q o r t  LEU-COMP-THERM-001 Critical Arrays of Low-Enriched U O2 



WVNS-NCSE-001 
REV. 0 

Reportnurngr . A kb 

LEU-COMP-THERM-OO 1 0.00569 

ab A k, + a, 
0.b389 0.00958 

As can be seen from Table 4, d kb + vahe never exceeded 0.02. h fact it even did not exceed 
0.01, and choosing 0.02 as a sum of the MC" 4A calculation method bias and bias uncertainty 
gives additional safety margin to the performed MCNP 4A calculations. 

. -  


